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ABSTRACT

The systematic history of the Sternoptychidac
has been one of instability in higher classification.
A study of comparative osteology indicates that the
hatchetfishes are closely related to the Gonosto-
matidae but differ from them in certain significant
aspects. The Sternoptychidae are therefore given
familial rank.

Fossil evidence indicates that the family prob-
ably arose during the early Tertiary and reached its
present evolutionary grade by the middle Miocenc.
Three phylogenetically divergent genera are recog-
nized, these heing Argyropelecus, Polyipnus, and
Sternoptyx, with seven, seventeen, and three species
respectively.  Many species exhibit geographical
variation and morphologically distinet popnlations
were defined in some instances.

The genera differ broadly in habitat as well as
morphology. Argyropelecus is a high seas pelagic
genus limited to the upper 600 . Sternoptyx
shows a similar pattern horizontally but inhabits the
500 to 1500 m depth zone. Polyipnus oceurs only
in close association with land, exhibiting a distribu-
tion and speciation pattern similar to many tropical
shore species. Argyropelecus and Sternoptyx spe-
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cies are seemingly restricted to waters with similar
hydrographic and biological properties.  Certain
species assemblages are used to define zoogeo-
graphically distinet areas of the world’s oceans.

INTRODUCTION
The systematic history of marine hatchet-
fishes  begins  with  Iermann’s  (1781)

deseription of a photophore-hearing fish
he called Sternoptyx diaphana (from the
Creek words “sternon” (chest) and “ptyx”
(plate)) and from which the family
derives its name.  Hermamn  called  at-
tention to the extraordinarily deep and
compressed body shape and thus estab-
lished once of the principal descriptive
characteristics of the group. The genus
Argyropelecus was described by Cocco in
1829 and Dboth genera then appeared in
the classic work of Cuvier and Valen-
cicnnes (1849).

Giimther (1864: 3S4) placed the above
cgenera in the family Sternoptychidae and
included also  other midwater  genera
(presently  placed in the family  Gono-
stomatidac) using such characteristics as
photophores and gill structures. In addi-
tion, Argyropelecus and Sternoptyx were
given subfamilial rank characterized by
the presence of a spinous dorsal blade.

Gill (1884), while recognizing that the
congener of the Gonostomatine fishes was
allied to the Sternoptychidae, nevertheless
restricted  the  family to  include only
Sternoptyx and Argyropelecus. e recog-
nized too, a degree of difference between
these genera and gave them  subfamilial
rank.

Giinther (1887) added the newly de-
seribed  genus  Polyipnus to his  family
Sternoptychidae, which still included the
present gonostomatid genera. Goode and
Bean (1896) followed Gill in recognizing
three families from Ginther's one: Gono-
stomatidae, Maurolicidae, and Sternopty-
chidae; and in addition, placed the genus
Polyipnus with the Sternoptychidae. Gar-
man (1899), citing the similarity of the
larval forms of Goode and Bean's three

familics, retwrned to Gunther’s original
scheme.  Brauer (1906: 101) later con-
tinued to recognize Giinther’s classification.

Regan (1923) attempted to clarify the
arlier confusion by examining osteological
characters, thereby giving more  explicit
definitions to the taxa. This resulted in
assignment of the genera Sternoptyx, Argy-
ropelecus, and  Polyipnus to the family
Sternoptychidae, while other related gen-
cra were placed in the family Gonostomati-
dae. Such basic differences as the absence
of a basi- and alisphenoid bone in the
former family were cited as justification
for this split. Regan’s classification was
later accepted by Norman (1930, 1944)
and Berg (1940).

Regan’s work did not resolve the prob-
lem of family relationship and taxon rank,
however,  While  generally  recognizing
Regan’s classification, Fowler (1936) gave
the Maurolicidae familial rank and  fur-
ther complicated the issue by including
the genus Valenciennellus with Regan’s
Sternoptychidae.  Gregory  and  Conrad
(1936) included Maurolicus in the family
Sternoptychidae, acknowledging the primi-
tiveness  of this genus, as well as its
role as a possible congener of Regan’s
Sternoptychidae.  They cited the  deep.
compressed body form as an evolutionary
trend in the family. Smith (1953) essen-
tially returned to Goode and Bean’s old
classification while [ubbs (1953), refer-
ring to the conncecting links in the evo-
lution of the Sternoptychidae from  the
Gonostomatidae, recommended a revival
of Giinther's classification, thus reducing
Regan’s  Sternoptychidae  to  subfamilial
rank. \While Rechnitzer and Bohlke (195S)
and Ebeling (1962) have accepted Hubbs’
proposal, most modem authors recognize
Regan’s classification (Schultz, 1961; NMor-
row, 1964; Backus et al., 1965; Berry and
Perkins, 1965). THowever, Greenwood ct
al. (1966) indicate that the Sternoptychidae
arc a specialized offshoot of the Gono-
stomatidac and, although still recognizing
the former as a separate family, they



suspect that further morphological study
will support the ecarlier conclusions ot
Ilubbs.

Iistorically then, there has been a failure
to achicve a stable classilication of the
Sternoptychidae. The numerous rcasons
for this failure may be attributed primarily
to the use of superficial or highly variable
character complexes, the lack of detailed
morphological studies using osteological or
other acceptable criteria, and subjective
conceptual differences concerning the fam-
ily rank.

The first consideration of a systematic
study of the Sternoptychidac must include
an attempt to clarify some of the historical
confusion.  Accordingly, a comparative
study of primarily osteological character
complexes was undertaken with the follow-
ing objectives: to help elucidate the family
question; to provide characters for explicit
definitions of the taxa; and to comment
on generie relationships and evolutionary
trends among the genera and species com-
plexes.  The character complexes  cited
were sufficiently numerous and function-
ally distinct to reasonably satisfy the initial
objectives. The gonostomatid genera Mai-
rolicus and Valencicnnellus were chosen
for comparison with the Sternoptychidae
as they are thought, classically, to he most
closcly related to them, and because any
other choice would have to involve a de-
tailed study of the Gonostomatidae.

The use of osteological characters and
character complexes as the primary criteria
in a systematic study involves the follow-
ing concepts: 1) The skeletal system is a
major constituent of the functional mor-
phology of an individual and should reflect
its general evolutionary  history.  2)  As
selection acts on a particular morphological
region, it alters the osteology of  that
region. Both between and within regions,
osteological characters may be independent
with regard to rate and dircction of cvo-
lution. 3) The skeletal system is not strictly
a single one with a limited function and
morphology. Rather, it may be thought of
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as a serics of semi-independent systems or
“functional units,” each reflecting  the
functional requirements of that particnlar
unit. 4) An osteological study results in a
composite of individual character com-
plexes, some of which may be primitive,
others advanced, but which reflect the evo-
lution and specialization within phvletic
lines. 5) Osteological characters  have
been shown to be as consistent as other
characters in reflecting phylogeny and
evolution. We know more about osteology
and its limitations. 6) Paleontological cvi-
dence is primarily osteological.

Fossil evidence was also considered and
a detailed study was made of the fossil
record to provide additional information
on the evolutionary history and relation-
ships ascertained from the osteological
results. After using these in resolving the
family question and in presenting an evo-
lutionary history, the various higher taxa
were defined and a revision of the re-
spective genera undertaken.

The widespread occurrence and case of
capture of the Sternoptychidac make them
ideally suited for studies involving popu-
lation structure, speciation, and  distri-
bution in the midwater or mesopelagic
cnvironment, Several recent studies (Haff-
ner, 1952; Ebeling, 1962; Nafpaktitis, 1965 )
have indicated some of the distributional
patterns of certain midwater fishes and the
possible  factors  imvolved therein.  This
study attemipts to examine some of these
factors with regard to present sternopty-
chid distributions.

METHODS

Material. Because of the vast amount
of material examined a detailed list of
specimens and stations is not included in
this work. Appendix A lists the institutions,
vessels, and respective cruises from which
material was obtained. A detailed listing
of material examined is on permanent file
in the Muscum of Comparative Zoology.
Harvard University.
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Collecting aud sampling teclhiniques. In
a study such as this one, involving material
from so many cruises employing a wide
variety of gear and using various fishing
philosophies, the sources of sampling bias
are too numerous to list. However, some
of the major problems can be discussed.

Horizontally, there is a marked differ-
cnce in the amount of sampling between
areas. A few areas have been adequately
sampled (California, North Atlantic) while
others have not heen sampled at all. The
Pacific in general, the South Atlantic, and
the Indian Occan—especially the southern
and castern portion—are markedly under-
sampled.  The “pscudopelagic” or near-
shore midwater environment has not been
sampled in most parts of the world. In
most cases sampling was seldom extensive
cnough to appreciate  any  micro-distri-
butional features or scasonal variation (sce
Pearcy, 1964).

In addition to differences in collecting
gear, there were significant differences in
fishing philosophy. Some cruises  were
faunal surveys with many oblique tows to
numerous depths.  Other cruises were in-
terested in sampling only over a certain
depth range (e. g., upper 500 m), while
still others  sampled  particular  environ-
ments or collected in sound-scattering lay-
ers. The majority of cruises were diurnally
biased, collecting primarily in the upper
200 m at night and much deeper during
the day. The upper 500 m was much more
extensively sampled than deeper waters,
especially at depths below 1000 m.

A wide variety of fishing gear was em-
ployed. The gear most frequently used
was the 107 Tsaacs-Kidd midwater trawl.
Many other types of trawls, ring nets,
plankton tows, and even dip nets, provided
material. Depth determination and  data
recording varied widely. For example, it
was often impossible to tell if a certain
sample was a lorizontal or oblique tow,
or whether the depth recorded was calcu-
lated by triangulation or determined elec-
tronically with automatic depth recorders.

There is an abundance of literature on the
problems encountered in sampling mid-
water organisms from behavioral responses
to gear characteristics and performance.
For a comprchensive discussion of the
problem sec Suzuki (1961), Aron (1962),
and Harrisson (1967).

Hatchetfishes are casily caught by slow
moving towed nets. There is some corre-
lation between size of tow and size of
individuals taken. Plankton tows take
primarily very small individuals, while 10’
Isaac-Kidd trawls take larger specimens.
In general the 107 TKMT appears to under-
sample the large individuals, although it
does on occasion catch the very largest
individuals of a species. Comparisons with
catches by the huge Engalls trawl in the
northeast Atlantic show that there are more
of the larger individuals present than
IKMT samples indicate. In the case of
Argyropelecus gigas, the largest specimens
ever recorded were taken in numbers by
this trawl. With the exception of Argy-
ropelecus  gigas, hatchetfishes are  small
sized and are adequately sampled, except
for the largest sizes, by the standard IKMT,
Indications are that more work with large
midwater trawls, especially those that
operate at depths greater than 500 m, will
add a new dimension to the “lilliputian”
midwater fauna (sce Harrisson, 1967: 104).

Measurements and counts. The methods
of measurement usually used were those
described by TTubbs and Tagler (1947: 13),
although the peculiar morphology of the
Sternoptychidac  necessitated  several  ad-
justments. In addition, measurements were
adjusted so that in some cases reference
points arc somewhat different between the
genera. Mceasurements of standard length
(SL)) and body depth (BD) were made
with needle point dividers to the ncarest
whole  millimeter.  Other  measurements
were taken with vernier calipers, and were
determined to the nearest tenth of one
millimeter.

Characters chosen for measurement were
those which appeared to have systematic



importance, or could be directly or in-
directly tied to ecological considerations.
The following measurements were taken:
Standard length—measured from the end
of the snout to the farthest extension of
the well-marked caudal peduncle (in Ster-
noptyx the peduncle asymmetrical, the lower
lobe extends farthest posteriorly). Body
depth—in  Argyropelecus and  Polyipnus
measured from the origin of the dorsal
blade to the most ventral extension of body
margin, excluding ventral keel scales; in
Sternoptyx measured from the end of the
dorsal fin and essentially a trunk measure-
ment. Dorsal blade—height measured from
dorsal body margin to greatest extension of
major element in the blade along blade
axis (in Sternoptyx there is only one cle-
ment). Jaw length—mecasured from the
point of the retroarticular to the anterior-
most extension of the lower jaw. Jaw
width—measured in the lateral plane
between the left and right lower jaw
articulations. Caudal peduncle—a depth
measurement across the narrowest dorsal-
ventral axis of the caudal peduncle. Ab-
dominal length—used only in Sternoptyx,
measured from the dorsalmost point of the
supra-anal photophore to the posterior-
most extension of the caudal peduncle.
Supra-abdominal ~ photophore—a  Ster-
noptyx character measured from the dorsal-
most point of the supra-anal photophore
to the dorsal body margin normal to the
midabdominal axis. Dorsal fin length—in
Sternoptyx measured from the origin of the
anteriormost fin ray to the origin of the
posteriormost fin ray. Orbital diameter—
in Polyipnus measured along the anterior-
posterior axis. Post-temporal spine length
—in Polyipnus measured from the ventral
origin of the spine to its tip. Iead length
—in Polyipnus measured from the end of
the snout to the posterior opercular mar-
gin. Photophore measurements—measured
from the farthest extension of the dark
pigmented photophore margins.

The following counts were made. Gill
raker number: the number of gill rakers
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on the first branchial arch of the left side:
only clearly defined rakers were counted.
Caudal, median, and pectoral ray counts
were as per Hubbs and Lagler (1947).
Vertebral counts were made from fossils,
X-ray photographs, or cleared and stained
specimens.  Vertebral counts included all
separate vertebrae, except the urostvlar
element(s); vertebral counts for fossil ma-
terial included only those elements pos-
terior to the major element in the dorsal
blade.

Keys and key characters. Because of the
damaged condition of many specimens in
midwater collections, keys include several
characters to aid in identification. Care
must be taken when making measurements
on, or using key characters with, damaged
specimens.  Kevs were constructed  for
adults and late juveniles only, and are
roughly limited to individuals greater than
20-25 mm in standard length. Photophore
complement, especially in the anal series
of Polyipnus, is complete only in the adults.
Most of the key characters are discussed
i the descriptions: however, several of the
more common ones are cxpanded as fol-
lows. The post-temporal spine in certain
species  of  Polyipnus bears small hasal
spines on its ventral-lateral surface; dorsal,
postabdominal, and preopercular  spines
are often worn or broken. especially in
larger individuals. Subcaudal spines ap-
pear late in ontogeny and are always
small. Spinose borders of the preopercle
and ventral keel scales are obvious and
well developed.  Canine teeth mayv be
missing or broken, but when present they
arc conspiciously longer than other teeth.
Teeth present on the midline of the pos-
terior vomerine shaft in certain species of
Polyipnus are difficult to see in small speci-
mens. Caudal rav pigment is often reduced
by loss or abrasion of the caudal fin. Pig-
ment characteristics used are dark mela-
nistic areas which appear stable in most
common preservatives if the specimens are
undamaged.  Preopercle spine  character-
istics in the Argyropelecus lychnus complex
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are sometimes variable, and occasionally
borderline cases occur. While keys were
constructed for individual identification,
population and distribution data should
always be checked.

Photophores (Figs. 17 and 18). Photo-
phore nomenclature was adopted from
Schultz (1961). The photophore groups
are as follows: preorbital (PO)—a single
photophore located anterior to the eye
(ventrally located in Sternoptyx); post-
orbital (PTO)—a single photophore just
posterior to the cye; preopercular (PRO)
a single large photophore located at the
ventral margin of the opercular region;
subopercular (SO )—a single small photo-
phore at the posterior ventral margin of the
opercular region; suprapectoral  (SP)—a
series of three photophores (two in Argy-
ropelecus) in the region above the pectoral
fin; branchiostegal (BR)—a cluster or
group of photophores located in the bran-
chial region; isthmus (1)—a group of five
to six photophores along the anterior ven-
tral body margin below the preopercular
complex; abdominal (AB)—a large group
of 10-12 photophores along the ventral
abdominal body margin; preanal (PAN)—
a group of three to five photophores lo-
cated in the region just above and posterior
to the pelvie fins; anal (AN)—a variably
numbered  group of photophores located
along the ventral body margin in  the
region of the anal fin; subcaudal (SC)—a
group of four photophores along the ven-
tral body margin in the region of the
caudal peduncle; these usually form  a
single close-packed  cluster but may  be
separated in certain species of Argyropele-
cus: supra-abdominal (SAB)—(absent in
Sternoptyx) a scries of three (Polyipnus)
or six (Argyropelecus) photophores above
the abdominal series along the lateral body
margin;  supra-anal  (SAN)—(absent in
Argyropelecus)  a single  photophore  in
Sternoptyx which is anterior to and raised
above the anal group; a series of three
photophores in Polyipnus anterior to and
usually raised above the anal group; in
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certain species the three supra-anal photo-
phores are anterior to but are essentially
continuous with the anal series; lateral (1)
—a single photophore in the midlateral
region of the trunk found only in
Polyipnus.

Photophore number and position are re-
markably constant in the Sternoptychidae.
However, rare individuals do bhave photo-
phores in somewhat abnormal positions or
occur with an abnormal number in any
group. The number is constant in most
photophore groups throughout a genus,
although the resultant pattern may  be
somewhat different owing to differences in
body form or photophore location. No
sexual dimorphism in photophore number
or pattern was observed.

Clearing and staining. For the osteo-
logical study, a series of specimens of cach
species examined was cleared and stained
using a slightly modificd trypsin digestion
technique  described by Tavlor (1967).
This method gave excellent results even on
specimens  preserved for long periods of
time. In addition, the method is consider-
ably more rapid than other techniques.
Distorted  specimiens often gave good  re-
sults since they were partially relaxed by
the digestion process.

Analysis — and  presentation  of  data.
Because of the magnitude of material ex-
amined, computer  technigqnes were  em
ploved extensively.  Programs  (primarily
in the Fortran IV language for use with
the IBM 7094 at the Harvard University
Computation Center) were  designed  to
plot and analyze the data. Four types of
data cards were punched and then cross-
indexed by cruise and station number. One
card contained station location and depth
phlus hydrographic and time data where
available. The catch card incorporated the
total catch, the size breakdown of  the
atch, and other data such as maximum
size or size of gravid females. Norpho-
metric and meristic data cards completed
the raw data input.

Horizontal distributions were computer



plotted and broken down into three arbi-
trary, relative abundance categories which
were indicated by separate symbols. These
plots formed the basis for the distributional
charts on cach species. Plots of juveniles
and gravid females did not differ signifi-
cantly from overall plots, so they were not
included in the data presented.

Depth data were subjected to two sepa-
rate analyses. The first was a tabular
breakdown of all depth data taken pri-
marily by TKMT and in which depth was
determined by pressure depth recorders in
most cases. Depth figures represent only
maximum net depths and in many in-
stances probably represent oblique tows,
althongh where this was definitely in-
dicated oblique tows were excluded. The
results arc listed in Appendix B.  This
method was particularly  helpful in ap-
preciating sampling bias. For the second
analysis, only known horizontal tows were
used and a plot of the rate of catch in
fish-per-hour against depth was  made.
Only rates greater than one fish/hour
(one-half fish/hour in certain  species)
were plotted. A much finer definition of
the depth range of cach species was thus
obtained, although the sampling bias can-
not be fully ascertained.

Where hydrographic data were available,
temperature-salinity plots were made for
cach species and comparced with known
water mass T-S envelopes. These plots
formed part of the data for Table 24.

Morphometric and meristic data were
analyzed using standard statistical meth-
ods. All proportional data were computer
plotted against standard length, and re-
gression statistics were computed by the
least square method. Only adults or late
juveniles  were used, and  relationships
were linear in all cases. Variability was
quite low in most instances, and as long
as stratified samples were taken (covering
most of the length range of a species),
excellent repeatable regression lines were
obtained. Confidence limits decreased with
sample size to about 20 individuals, beyond
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which little reduction could be obtained.
Stratified samples as small as eight indi-
viduals were adequate to establish good
regression  lines, which were consistent
with larger samples in most cases. In
many areas, sample sizes were inadequate
and the population parameters presented
must be verified further with more sam-
pling. Slope differences were tested statisti-
cally and are presented in the various
tables.  Positional  differences  between
populations could often be detected  al-
though the slopes were mnot statistically
different. These, when noted, were plotted
(Fig. 23). Meristic data were plotted and
a difference of two standard errors on
cither side of the mean formed the basis
for statistical comparison. Dorsal Dblade
height in Argyropelecus hemigymnus was
plotted in the same manner as meristic
data. The slope of blade height to standard
length was very low (.005-.02), so that
comparisons between individuals over a
small length range (22-2S mm) were con-
sidered equivalent.

Oceanographic data were obtained from
arious standard sources (Fuglister, 1960;
Sverdrup et al., 1960; Muromtsev, 1963;
Schroeder, 1963) and from cruisc reports.

OSTEOLOGICAL CHARACTER COMPLEXES
Caudal skeleton (Fig. 1). There is a
definite similarity among the caudal skele-
tons examined. Features in common in-
clude:  somewhat  flattened  neural  and
haemal spines; three characteristic hypural
or hypural-like elements in the ventral
caudal lobe (definitions and abbreviations
of bones follow Norden (1961); sec Weitz-
man (1967a) concerning definition of a
hypural element); often one or more post-
terminal vertebrae; one or two free epurals
(except Sternoptyx): and a caudal fin ray
count of 10 + 9, with a varving number of
dorsal and ventral procurrent rays.
There is considerable variation in the
degrec of fusion of hypural elements. With
the exception of the Argyropelecus affinis
and Polyipnus spinosus species complexes,
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Figure 1. Caudal Skeleton: A. Mauralicus muelleri; B. Argyropelecus affinis; C. Polyipnus asteraides; D. Sternoptyx
pseudabscura. Abbreviatians: EP =— epural; HS = haemal spine; HYP = hypurals; NS = neural spines; and UN

=~ urcneural.

bhypurals 1-2 and 3—4 are always fused. In  lutionary features. The caudal skeleton of
some cases, there is complete (Sternoptyx) — Maurvolicus appears primitive and is similar
or almost complete  (Valenciennellus)  to the caudal skeleton of Vinciguerria as
fusion of hypural elements. illustrated by Weitzman (1967b). The

The following are the important evo- three sternoptychid genera are character-



ized by a modification of the first neural
spine into a short triangulate, vertical
blade. The second neural spine often sup-
ports the first. In marked contrast, the
gonostomatid genera examined (also Vin-
ciguerria, sce Weitzman, 1967b) show
little modification in this area, and the
first neural spine is elongate and forms an
integral part of the upper caudal lobe.
Sternoptyx shows a high degree of special-
ization with considerable reduction or
fusion of clements. Polyipnus shares with
Maurolicus (and Vinciguerria) the lack of
fusion in hypurals 5 and 6. In some respects
Polyipnus resembles the gonostomatid gen-
era examined in size and shape of the
uroneurals although, in general, it appears
similar to Argyropelecus.

Axial skeleton (Figs. 8-11). While there
is a similarity in structure and appearance
of the vertebral centra in all genera ex-
amined, there are differences in neural and
hacmal spine pattern and structure. Pos-
teriorly, the haemal and neural spine ar-
rangement is symmetrical in all cases. In
Maurolicus  and  Valenciennellus  both
spines are relatively long, unflattened, and
tapering. The sternoptychid genera show
a definite broadened and flattened con-
dition particularly evident at the distal end.
Polyipnus and Argyropelecus are alike in
this respect. Sternoptyx, with considerable
clongation of the posterior neural and
haemal spines, reflects an independent and
highly modified condition. Vinciguerria
(Ahlstrom and Counts, 1958) appears more
similar to Polyipnus than cither of the
gonostomatids examined.

Anteriorly, the symmetrical pattern of
haemal and neural spines continues in
Valenciennellus with no marked transi-
tional region. However, in Maurolicus and
the Sternoptychidae, there is an arca of
transitional vertebrae which is peculiar.
There is a reduced, althongh fully formed,
plural rib-bearing member followed by a
number of characteristic haemal  spines
which may or may not be arched. This
series of spines carries at least one pair
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Post-temporol ond supracleithrum: A. Argyropele-
C. Volenciennellus

Figure 2.

cus aculeotus; B. Maurolicus muelleri;

tripunctulotus; D. Polyipnus asteroides; E. Sternoptyx pseud-

obscura.  Abbreviotions:  PT = post-temporal; SCL = su-

pracleithrum.

of greatly reduced or vestigial ribs. In
Maurolicus, the fivst arched haemal spine
is somewhat flattened distally.  Polyipnus
and Argyropelecus show a marked broad-
ening of the distal end of these anterior
haemal spines, with an increase in length
procecding posteriorly.  Sternoptyx has a
shortened flat first haemal spinc; however,
the posterior spines are elongate and not
characteristically flattened.

The neural spines posteriorly are long.

thin, and tapering in Mawrolicus and
Valenciennellus.  As before, the sterno-

ptvchids show a broadened pattern unlike
the above gonostomatids. Polyipnus and
Argyropelecus arc remarkably similar in
this region.
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The articulation of ribs is similar in all
species, as well as the presence of reduced
or vestigial pleural ribs, probably an in-
dication that many more centra were rib-
bearing in more primitive forms (sce
Weitzman, 1967h: 518). Maurolicus has
a higher number of pleural and reduced
pleural ribs than the sternoptychids. The
latter are quite distinetly separated from
Maurolicus and Valenciennellus by  the
presence of six or seven greatly broadened
and lengthened pleural ribs which form a
heavy protective cage around the now
expanded visceral cavity. The number of

abdominal vertebrac (the first caudal
vertebra is defined as the anteriormost

vertebra with a complete haemal arch) is
relatively constant in the Sternoptychidae
at about eleven (one specimen of Polyipnus
asteroides had ten; Kotthaus (1967) re-
ports twelve for P. meteori). Sample sizes
were small, however.

Dorsal Dblade (TFigs. S-11). Weitzman
(1967h) reported that the anteriormost
pterygiophore of the dorsal fin consists of
at least two fused pterygiophores in
Vinciguerria. This same characteristic is
found in Maurolicus which, in addition,
has a number of pterygiophores that do
not bear fin rays anterior to the fused one.
The sternoptychids have this same basic
feature, but have further modified it into
essentially a “spinous dorsal.” In Polyipnus,
the fused pterygiophore is extended above
the dorsal body surface and is spinose at
the distal end. The anteriormost pterygio-
phores are enlarged, and closer together
and more extensively allied to the support-
ing neural spines than they are in Mauro-
licus. These anterior pterygiophores he-
come even more enlarged and closely
allied, extend further above the dorsal
surface, and with the fused pterygiophore
form an extensive, sharp, dorsal blade in
Argyropelecus.  Sternoptyx  retains  the
Maurolicus configuration anteriorly, but
the fused pterygiophore becomes consider-
ably extended and modified into a large
dorsal spine.

Pelvic girdle (Figs. S-11). In Maurolicus
(also Vinciguerria, WVeitzman, 1967b), the
basipterygia are located even with or be-
low the ventral margin of the pleural ribs.
The paired basipterygia lie almost hori-
zontally above the ventral body surface
and are not closely joined to any rib cle-
ment. With the broadening and deepening
of the anterior thoracic region in the
sternoptychids, the pelvic girdle has be-
come a major structural celement for the
midregion of the trunk. Polyipnus exhibits
a more intermediate condition than Ster-
noptyx and Argyropelecus. In the former,
the basipterygia are oriented at approxi-
mately 45° to the ventral body surface
and are located between the posterior-
most large pleural ribs. There is now a
relatively long ventral extension which
ends in a spine protruding below the
ventral body surface. The pattern becomes
more pronounced in  Argyropelecus.  In
this instance, the basipterygia are closely
allicd to cach other and to the posterior-
most large pleural rib. In some cases, the
basipterygia are fused (A. hemigymnus)
and the last pleural rib may become further
enlarged for support (A. aculeatus). The
ventral spiny process has also beeome more
pronounced.  Sternoptyx  exhibits  essen-
tially the same evolutionary  trend as
Argyropelecus, with the fused basipterygia
extending  dorsally  for a  considerable
length along the pleural ribs.

Pectoral girdle (Figs. 8-11). The pee-
toral clements, their general location and
shape, are similar in all genera examined
and include a well-developed mesocoracoid
(sce Weitzman, 1967b: 519). Polyipnus
and Argyropelecus have an extended pos-
terior flange of the cleithrum which pro-
tects and strengthens the pectoral area.
The ventral margin of this flange has a
characteristic spinose cdge. The flange is
noticeably reduced in Sternoptyx.

A forked post-temporal and well-de-
veloped supracleithrum are present in all
gencera (Fig. 2). Polyipnus and Argyro-
pelecus are unique in that these two bones
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Figure 3. Opercular Series: A. Mauralicus muelleri; B. Palyipnus asteroides; C. Sternoptyx pseudobscura; D. Ar§y~
ropelecus hemigymnus. Abbreviations: IOP = interopercle; OP = oapercle; POP = preopercle; SOP = subopercle.
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Figure 4. Suspensorium:
hemigymnus. Abbreviations: ECT = ectopterygoid; HY = hyomondibular;

MET = metapterygoid; PAL == palatine; Q = quadrate;

are fused. The post-temporal half of this
process extends  posteriorly  above  the
dorsal body margin and bears spines. In
certain species of Polyipnus these spines
may become quite claborate. In Sternoptyx,
which has mno such fusion, the post-
temporal is forked and enlarged, and the

A. Polyipnus asteraides; B. Maurolicus muelleri; C. Sternoptyx pseudobscura; D. Argyropelecus

IH = interhyal; MES = mesapterygoid;

SY = symplectic.

whole structure reflects a different evo-
lutionary development.

Opercular series (Fig. 3). There is a
classic opercular series present in  the
genera examined, with an interopercle be-
low the ventral margin of the preopercle.
There appears to be an evolutionary trend



from Maurolicus through Polyipnus to
Argyropelecus. In Polyipnus, the inter-
opercle is similar in shape to Maurolicus,
but somewhat less broad. The preopercle
has developed a ventral spine. A reduction
in the anterior process of the interopercle,
which now covers only the posterior ven-
tral margin of the preopercle, may be
observed in Argyropelecus. The pre-
opercle, while similar in form to Polyipaus.
has a lateral spine in addition to the ven-
tral. Sternoptyx is somewhat indepen-
dently modified with eclongation and re-
shaping of the opercle and preopercle. The
interopercle is similar to Argyropelecus,
and the preopercle has a single ventral
spine.

Upper jaw. The upper jaw, considering
its close relation to feeding ecology, is
somewhat similar in Maurolicus, Polyipnus,
and Argyropelecus. There are two char-
acteristically shaped supramaxillae, a well-
developed toothed maxilla and premaxilla.
The premaxillae have short ascending proc-
esses (as does Vinciguerria). The maxilla,
included in the gape to a small degree, is
markedly broadened posteriorly in Polyip-
nus, and the whole jaw apparatus reflects
a peculiar method of feeding. Sternoptyx
is quite different. In this instance the
maxilla is heavily toothed and the major
upper jaw bone in the gape. The pre-
maxilla is small, although toothed, and has
no ascending process. The second supra-
maxilla has been lost.

Suspensorium (Fig. 4). There appears
to be a general evolutionary trend in the
Sternoptychidae in which the suspensorium
migrates from behind and slightly below
the posterior orbital region, ventrally and
anteriorly to a point directly below the
anterior half of the orbit. This trend can
be seen by examining the ratio of quadrate
length to hyomandibular length: Mauroli-

cus, 1:1.25; Polyipnus, 1:1.5; Argyro-
pelecus, 1:2.5; Sternoptyx, 1:7.4. The
metapterygoid bone is proportionately

smaller in Maurolicus and Polyipnus, and
the mesopterygoid is greatly enlarged in
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Figure 5. Urohyal: A. Sternoptyx pseudobscura; B. Maur-
olicus muelleri; C. Argyropelecus sladeni; D. Polyipnus

osteroides.

the latter. This again reflects the peculiar
jaw morphology in this genus.

Hyoid (Fig. 5). The most notable hyoid
feature is the gradual reduction of the
platelike posterior extension of the urohyal
in the sternoptychids. Polyipnus illustrates
an intermediate condition, while Sternoptyx
and Argyropelecus show complete reduc-
tion to a Y-shaped bone.

Chondrocranium. The curvature of the
parasphenoid exhibits a continuous gra-
dation from a nearly horizontal position in
Maurolicus to the extreme right-angled
bone in Sternoptyx. The presence and de-
gree of ossification of the basisphenoid is
variable. Tt is well developed and has two
centers of ossification in Valenciennellus.
Only the dorsal ossification remains in
Maurolicus, while the bone is absent in
Argyropelecus.  Polyipnus and Sternoptyx
have well-developed basisphenoid bones.

The neurocranium (Fig. 6) is generally
conservative when viewed as a whole. The
shape, relative size, and location of the
bones are similar in all genera examined.
The neurocranium resembles Vinciguerria
(Weitzman, 1967h), especially in the gen-
eral shape and location of the sphenotics,
pterotics, and epiotics. Important features
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Figure 6. Neurocranium (lateral view):
Mauralicus pennanti; D. Sternoptyx pseudabscura.

arc: the epiotics meet below the supra-
occipital in sternoptychids, while there is
no tendency in this direction in Maurolicus
and Valenciennellus (Fig. 7); the presence
of well-developed parictals with dorso-
lateral ridges in sternoptychids, but not
in other genera examined; the presence of

A. Palyipnus asteroides;
Abbreviations:
exaccipital; EPO = epiotic; F = frontol; HY = hyomondibulor; PA = porietal; PRO = praatic; PS = pterasphenoid;
PTO = pteratic; SOC = supraoccipital; SPO = sphenatic.

B. Argyropelecus hemigymnus (frantals removed); C.
BOC = bosioccipital; BS = basisphenoid; EOC =

a well-developed alisphenoid (pterosphe-
noid) bone in all genera; and the pro-
gressive tendency for the neurocranial axis,
as measured along the frontal, to assume a
more vertical configuration from Polyipnus
to Sternoptyx. There is considerable de-
velopment of the otic region in Polyipnus
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Figure 7. Epiotic-Supraoccipitol Relationship  (posterior

view): A. Mouroclicus muelleri; B. Polyipnus asteroides; C.
Sternoptyx pseudobscuro; D. Argyropelecus hemigymnus.
Abbreviations: EPO — epiotic; SOC = supraoccipital.

which contains peculiarly shaped and very
large otoliths (Kotthaus, 1967).

Abdominal keel scales (Figs. 8-11).
Polyipnus and Argyropelecus have de-
veloped ossified plates (modified scales)
which form a keel and serve to give struc-
ture to the abdominal region and associ-
ated photophore groups. Several plates
appear posterior to the pelvic fins; most
are anterior to them. The plate size, num-
ber, and distance between plates is less
well developed in Polyipnus. Sternoptyx
seems also to have a keel-like structure,
but this is not ossified. The gonostomatids
examined have little keel development and
no ossification in this region.

Anal pterygiophores (Figs. 8§-11). In
sternoptychids, the anal pterygiophores
show a characteristic gap. Several pterygio-
phores are associated with and between
the same haemal spine forming a circular
gap. In this respect the P. spinosus species
complex is the least well developed. In
the gonostomatids examined there is one
pterygiophore for each haemal spine with
no gap. The anteriormost anal pterygio-
phore possesses flangelike processes pro-
jecting laterally in Polyipnus, Sternoptyx,
and Maurolicus. The former two have, in
addition, pronounced ventral processes
lacking in Maurolicus. Argyropelecus has
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no processes, although the anal pterygio-
phores are enlarged.

Photophores. The glandular nature and
pattern of photophores seem to indicate
some relationship among all genera studied.
The trend appears to be from a condition
of an essentially unbroken row of photo-
phores on the ventral body surface
(Maurolicus) to one in which this row is
broken both horizontally and vertically
(sternoptychids). As before, Polyipnus is
intermediate in this respect.

OSTEOLOGICAL CONCLUSIONS

The osteological results lead to the fol-
lowing conclusions. The present definitions
of the family (e. g., Regan, 1923; Schultz,
1961; and Morrow, 1964) and included
genera are inadequate, often seriously in
error, and require revision. The Sterno-
ptychidae appear to be derived from some
antecedent of the primitive genus Mauro-
licus. The genera Sternoptyx, Argyro-
pelecus, and Polyipnus form a separate
taxon. Each of these genera has probably
been distinct for a long period, as each
shows a great deal of divergence and in-
dependent evolution.

From the evidence above there is little
doubt that the two maurolicid genera and
the Sternoptychidae are closely related.
The traditional differences such as absence
of a mesocoracoid and alisphenoid (ptero-
sphenoid), curved parasphenoid, and even
the particulars of the dorsal blade have
been found to be, wholly or in part,
similarities rather than differences. Basic
differences do exist, however, and in gen-
eral follow from Hermann’s original char-
acterization of the Sternoptychidae as fish
having a deep, highly compressed body
form. It is this striking evolutionary pat-
tern that gives rise to many of the follow-
ing character complexes which separate
the present Sternoptychidae from those
gonostomatids examined.

1. Modification of the first neural spine,
appearing as a short, triangulate, vertical
blade with further modification of the
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second neural spine to serve as a support-
ing element. (In the P. spinosus species
complex, the second neural spine resembles
the first.)

9. Characteristic broadening and flat-
tening of the haemal and neural spines in
the posterior caudal region.

3. The presence of six or seven large,
heavy, pleural ribs with relatively few
reduced or vestigial ribs. This includes a
low number (10-12) of abdominal verte-
brae.

4. Development of the dorsal ptervgio-
phore system into a “blade” or spine.

5. A vertically oriented pelvic girdle,
the basipterygia bearing spines, sometimes
fused, and closely allied to the heavy
pleural ribs.

6. A preopercle with a well-developed
ventral spine.

7. A heavy. forked, post-temporal which
is fused to the supracleithrum in Argyro-
pelecus and Polyipnus, forming a spiny
extension dorsally.

8. A progressive migration forward of
the suspensorium.

9. Reduction of the bony extension of
the urchyal.

10. Epiotics meeting below the supra-
occipital and the presence of well-de-
veloped, ridged parietals.

11. Presence of a well-developed ab-
dominal keel-like structure which is ossi-
fied in Argyropelecus and Polyipnus.

12. Presence of a circular gap in the
anal pterygiophore series, these pteryg-
iophores being enlarged.

13. Presence of ventral processes on the
anteriormost anal pterygiophore in Ster-
noptyx and Polyipnus.

14. Marked similarity of
pattern and number.

Some of these character complexes are
not radically different from the gonosto-
matids examined. and there is a degree of
convergence and parallel evolution which
is difficult to appraise. Taken as a whole,
however, they strongly suggest that the
sternoptychid genera have reached a com-

photophore
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mon cvolutionary grade, typified by their
peculiar body form, and by which they
differ from the more generalized and
primitive maurolicid gonostomatids.

While acknowledging that the Stemo-
ptychidac are a specialized offshoot of
maurolicid or premaurolicid stock, for the
following reasons I do not feel justified in
combining the Gonostomatidae and Ster-
noptychidae as some have suggested.

The present family Gonostomatidae is an
unwieldy one which involves many diverse
tvpes and requires extensive revision
(Weitzman, personal conversation). The
problem of gaps, their size and importance,
cannot be adequately answered without
further study within the Gonostomatidac.
Osteologically, the Sternoptychidaec have
reached an evolutionary grade peculiar to
themselves and one quite distinet in several
major ways from the gonostomatids ex-
amined. Using for a guideline the family
concept as it is gencrally employed by
Mayr, Linsley, and Usinger (1953), it ap-
pears that the Sternoptychidae do have an
ecological, or at least adaptive, distinctness.

The adaptive distinctness concerns the
peculiar body shape and its possible func-
tional significance. There are at least two
major adaptive features involved. The
first deals with the ideas and evidence
presented by Denton and Nicol (1965) and
Nicol (1967) on the relationship between
silvery color and body shape in teleost
fishes. The midwater environment is one
in which the distribution of daylight is in-
dependent of the altitude of the sun and
cloudiness of the sky, and light distribution
is essentially symmetrical about a vertical
to the surface. Furthermore, the Sterno-
ptychidae have brilliant, silvery sides. Al
fish species with these features so far
examined (Denton and Nicol, 1965; Nicol,
1967) have layers of reflecting platelets
which are oriented to make the fish as
invisible as possible. It may be assumed
that the same is true with hatchetfish.
There is a change in reflectivity with body
rotation in the several Sternoptychid



species examined. A silvery fish which is
flattened laterally, having very little in-
clined ventral surface will approach the
ideal in camouflaging (see Denton and
Nicol, 1965: 717). The Sternoptychidae
could thus serve as a living model for such
a body form.

The second adaptive feature concerning
body shape is the development of heavy
structural ossifications and spines, espe-
cially the dorsal “blade.” Spines have
developed in fish, presumably, for pro-
tection. The sternoptychids have several
extensive spine complexes: post-abdominal,
post-temporal, preopercle. and dorsal. The
spines are rigidly braced and the whole
body strongly ossified, resulting in a
compact rigid body shape. A spinous dor-
sal has developed somewhat analogous to
that of the higher Perciform fishes. This,
coupled with the expanded abdominal
region, results in a high length-to-depth
ratio (Table 1).

In an environment populated by a host
of predators, many with special adap-
tations for ingesting large prey items, an
increase in the length-to-depth ratio of a
prey should be advantageous. A predator
normally capable of swallowing Valen-
ciennellus would require an approximate
threefold increase in mouth diameter in
order to accommodate A. hemigymnus of
the same length (Table 1). Ossification
also takes place quite early. Juveniles or
prejuveniles of about 10 mm have well-
developed spines and are ossified. :

Phylogenetic relationships. The question
of a monophyletic origin of the hatchetfish
is unanswerable. The three genera show
a great deal of divergence and independent
evolution even within genera. Using the
character complexes examined, some com-
ments about generic relationships can be
made, however.

The family appears primitive and prob-
ably originated from a premaurolicid an-
cestor, possibly something between the
very carly Vinciguerria and Maurolicus.
Most of the characters examined could
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have been derived from a form somewhat
intermediate to the above genera.

The genus Sternoptyx seems to have di-
verged quite carly from the line or lines
leading to Polyipnus and Argyropelecus.
It then continued to evolve independently,
resulting in the present highly specialized
form. In almost every case, Sternoptyx
shows marked differences. The presence
of a Dbasisphenoid, the characteristically
shaped, enlarged, first anal pterygiophore;
the simple anterior, dorsal pterygiophores;
possibly the meeting of the parietals, and
the unfused post-temporal and supra-
cleithrum all appear primitive. These chai-
acters are also shared with Polyipnus with
the exception of the unfused post-temporals
and meeting parietals. The presence of a
small premaxilla and large maxilla as the
major jaw bone in the gape are generally
regarded as primitive. However, jaws and
dentition have varied considerably in
gonostomatids (Grey, 1964 ). and this may
be a secondary phenomenon. The dis-
appearance of the anterior pedicels of the
premaxilla and loss of the second supra-
maxilla can be explained in the same way,
especially since the orbital region seems
to have undergone considerable expansion.
The resemblance of the urohyal to Argy-
ropelecus may again be the result of
parallel or convergent evolution involving
feeding ecology which is similar in these
genera.

Evolution from a premaurolicid ancestor
can be traced somewhat more directly in
the case of Polyipnus and Argyropelecus.
Polyipnus and Argyropelecus share several
character complexes: the characteristic
blade-shaped, caudal haemal spines; the
presence of the double pterygiophore as
the major clement in the “blade”; the
presence of ossified, bony keel plates; the
fusion of the post-temporal and supra-
cleithrum; and separation of parietals by
the supraoccipital (known to be variable
in the Gonostomatidae). Polyipnus ap-
pears intermediate between Maurolicus
and Argyropelecus in several characters:
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TABLE 1. BODY DEPTH AND STANDARD LENGTH MEASUREMENTS.

Maximum Body

Family Species SL (mm) Depth* (mm)
Gonostomatidae Danaphos aculatus 38.0 9.2
Valenciennellus tripunctatus 26.0 5.4
Sternoptychidae Argyropelecus hemigymus 38.0 24.0
Argyropelecus hemigymuus 26.0 16.9

* Includes dorsal blade.

the axial skeleton in general; anterior dorsal
pterygiophore development; pelvic girdle
modification; evolution of the eleithrum,
first branchiostegal rays, and urohyal; the
opercular series, especially the preopercle
and interopercle; suspensorium develop-
ment; parasphenoid curvature, and pro-
gressive deepening and shortening of the
body with reduction in a long unbroken
series of ventral photophores. Polyipnus
has characters that are not shared with
Argyropelecus in addition to those which
are shared with Sternoptyx. These include:
hypurals 5 and 6 unfused (3 and 4 also in
the P. spinosus complex); small, relatively
unmodified dentition; and, a urostylar
element with several unfused post-terminal
centra.

Polyipnus also has several highly special-
ized characters: the peculiar jaw morphol-
ogy; a greatly enlarged otic region with
characteristically shaped, large otoliths
(Kotthaus, 1967); and, the peculiar de-
velopment of the cleithrum (pectoral
shield).

The divergence of Polyipnus and Argy-
ropelecus has involved the continued evo-
lution of many intermediate characters
mentioned above. Other major develop-
ments in  Argyropelecus are: fusion of
hypurals 5 and 6 and the post-terminal
centra; the presence of seven rather than
six heavy pleural ribs; development of a
lateral preopercular spine (one species of
Polyipnus has this); development of a
fanglike dentition; loss of the basisphenoid,;
loss of the flangelike process on the first
anal pterygiophore; and, the development
of telescopic eyes.

Because the number of character eom-
plexes examined was limited, the suggested
phylogeny is only a tentative one. The
family consists of three divergent, inde-
pendently specialized genera. Polyipnus
appears the most primitive, Sternoptyx the
most highly specialized and the most diffi-
cult to place, while Argyropelecus falls
somewhere in between.

THE FOSSIL RECORD

The carliest reported sternoptychid fossil
is from the Eocene of the Dabakhan beds
of Georgia, USSR (Daniltshenko, 1962).
The fossil, Polyipnoides levis, is not well
preserved and many important characters
cannot be appraised. It does have long
pleural ribs and a characteristic broadening
of the body anteriorly. The post-temporal,
however, is unlike any modern sternopty-
chid. The dorsal “blade” or pterygiophore
development is absent and the jaws secem
more gonostomatidlike, although this is
difficult to determine with certainty. The
neural and haemal spines show little char-
acteristic flattening, and the frontals do
not exhibit the heavy development char-
acteristic of the hatchetfish. Consequently,
it appears that while this fossil could be a
proto-sternoptychid fish, I cannot accu-
rately place it with the present Sternopty-
chidac or Gonostomatidae.

Polyipnus  sobnioviensis was repdrted
from the Jaslo shales of Poland (Jerz-
manska, 1960; Jerzmanska and Jucha, 1963)
and dates as late Eocene-early Oligocene.
Enlarged pleural ribs with a general broad-
ening of the body anteriorly are present in
this species. Pterygiophore development



anterior to the dorsal fin rays is definite,
and there is evidence of very slight, dorsal
blade development. Some photophore
groups conform roughly to modern Poly-
ipnus, although the fossil supra-abdominal
croup is more numerous. The cleithrum
displays the marked ventral curve typical
of the Sternoptychidae and the maurolicid-
gonostomatids. There is, however, little
flattening of haemal and neural spines. The
pelvic girdle, while partially vertical, is
still below the rib line, and the body shape,
while somewhat broad, is more similar to
the maurolicid gonostomatids. There is no
spine on the preopercle, the orbit shows no
areat expansion, and there are no signs of
keel plates. This fish, while it has some
sternoptychid characters, appears essen-
tially to be maurolicid-gonostomatid. Con-
sequently, its place in the genus Polyipnus
is questionable, although it may be near
the basal stock which gave rise to modern
hatchetfishes.

Pauca (1931) described Sternoptyx
prisca from the lower Oligocene deposits
of Piatra Neamt. The presence of a well-
developed dorsal “blade,” heavy cleithrum,
and pleural rib characteristics place it in
the genus Argyropelecus. If the dating is
correct, it represents the earliest known
fossil of this genus.

By Oligocene, and certainly by Miocene
times, several examples of the genus
Argyropelecus were evident in  Tethys
deposits of Europe (Arambourg, 1929;
Daniltshenko, 1960), and in various de-
posits of California (David, 1943). All of
these fossils clearly represent members of
the above genus, and A. logearti (Aran-
bourg, 1929) appears to be closely related
to the modern A. hemigymnus.

In the present study, three remarkable
fossils from Miocene deposits in California
were examined and compared with modern
relatives.

Fossil A (Figure 12)

Description. SL 50 mm, body depth 26
mm; dorsal blade from its extension

MARINE HATCHETFISHES Baird 23

above the dorsal fin origin, low; last pleural
rib only slightly reinforced; anterior hacmal
spines not greatly flattened, postabdominal
spines short, symmetrical, not markedly
curved; transitional vertebrae two in num-
ber; anal pterygiophores relatively simple,
not markedly broadened at distal end; anal
pterygiophore gap contains two haemal
spines; number of anal pterygiophores be-
fore gap, seven, after gap, four to five;
hypurals 1 and 2 separate; number of
vertebrae from posterior margin of dorsal
blade to last neural spine, 29.

Fossil B (Figure 13)

Description. Similar to Fossil A above;
number of vertebrae from dorsal blade to
last neural spine, 30; hypurals 1 and 2
separate; postabdominal spines simple,
symmetrical; posteriormost pleural ribs not
greatly enlarged.

Fossil C (Figure 14)

Description. SL 60 mm, body depth 40
mm; number of vertebrae from posterior
dorsal blade to last neural spine 26, pos-
sibly 27; both abdominal and trunk regions
greatly broadened; hypurals 1 and 2 fused,;
anterior haemal spines broad, flat, blade-
like; distal end of anal pterygiophores
broad, gap well developed, circular, and
includes two neural spines.

Fossils A and B are indistinguishable in
both key characters and meristics from the
modem species A. affinis (Fig. 15) and
can be assigned to this species complex.
Fossil A seems broader than the modcn
form, but the fossil appears distorted ven-
trally and there are no other obvious dif-
ferences.

Fossil C is a member of the A. lychnus
complex (Figs. 11 and 16). Osteologically
there is little difference between A. olfersi
and A. lychnus. However, the fossil has
a relatively low dorsal blade, mecasured
from the origin of the dorsal fin rays, a
characteristic of A. lychinus (Fig. 16). The
second transitional vertebra of Fossil C
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LACM 1925 (1A), Miocene, Cabrillo Beach, Palo Verdes, California.

Fossil A.

Figure 12.
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LACM (3), M. Miocene, Bluss Cove, near Malaga, Palo Verdes, California.

Fossil C.

Figure 14,
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Key To THE GENERA OF STERNOPTYCHIDAE

la. Abdominal photophores 12; telescopie, dorsally oriented eyes; several dorsal pterygio-

phores form extensive blade anterior to dorsal rays

— . genus Argyropelecus (p. 31).

b. Abdominal photophores 10; eyes normal; dorsal blade consisting of only one or two
spines from a single or two fused pterygiophores el 2

2a. Anal photophores 3; no supra-abdominal photophores: single large dorsal spine with
anterior serrate extension; first anal pterygiophore greatly enlarged, supporting tri-

angulate transparent membrane above anal fin rays

genus Sternoptyx (p. 67).

b. Anal photophores 6 or greater; 3 supra-abdominal and a lateral photophore; dorsal blade

reduced; no large transparent membrane above anal fin rays

has a pair of vestigial ribs whereas the one
modern  A. lychnus examined does not.
One of the specimens of A. olfersi ex-
amined has small vestigial ribs on this
vertebra; otherwise, all of the fossil char-
acters and vertebral counts are identical to
these modern species. Fossil C is probably
A. lychnus or at least its immediate prede-
Cessor.

By mid-Miocene times evolution within
the genus Argyropelecus was essentially
complete and species distributions  show
modern characteristics.  This genus with
its many specializations must have origi-
nated by the late Eocene at the latest and
possibly as far back as the Paleocene or
late Cretaceous.

During or prior to the carlv Cretaceous,
some  members of the carly salmonoid
fishes began to adapt to a deep water
environment. After the basic adaptations
to this environment were acquired  (at
latest mid-to-late Cretaceous) there was
considerable  stomiatoid radiation which
continued into the late Eocene to early
Oligocene.  This radiation led to many
diverse forms, of which the maurolicid-
gonostomatids were one. Within the latter,
an ancestor, possibly resembling P. sobnio-
viensis, gave rise to a form or series of
forms with many features of the modern
genus Polyipnus. From this basic stock the
modern genera evolved, conceivably quite

rapidly. By the Miocene, evolution was
practically complete in  the specialized
Argyropelecus  and  possibly  the  other

genera as well. The  stomiatoid-gonosto-
matid radiations of the early tertiary show
evidence of heing fairly complete by that

- genus Polyipuus (p. 79).

time also. Many modern  gonostomatid
genera were present during that time, and
Miocene faunas have distinetly modern
resemblances  (David, 1943; Grey, 1964;
Crane, 1966; Daniltshenko, 1960). The
salmonoid-derived midwater fauna appears
to have replaced carlier forms during the
carly Tertiary, and it remains the dominant
clement today.

SYSTEMATICS

Family STERNOPTYCHIDAE
Type Genus: Sternoptyx Hermann 1781

Diagnosis.  Neural spine of first pre-
terminal  vertebra  vertically  oriented,

broadened, with triangulate paddle shape,
no fin rays attached; second preterminal
vertebra modified for support of first (ex-
cept P.ospinosus complex);  basipterygia
vertically  oriented, spine  bearing,  con-
tained dorsally within, and closely joined
to the ventral margin of the posterior
pleural ribs: pelvie fin rays vertically
oriented: six to seven pleural ribs enlarged
to form an expanded rib cage; epiotics
meet below supraoccipital: parictals well
developed, bearing dorsolateral ridges: one
or more dorsal ptervgiophores enlarged to
form blade or spinclike extension anterior
to dorsal rays: anal pterygiophores form
characteristic gap below anal photophore
group: preopercle bearing well-developed
ventral spine.

Description.  Bright  silvery  colored,
small fishes: standard length usually less
than 90 mm; body deep, strongly com-
pressed; bony scalelike plates form keel
below ventral photophore groups (except



30 Bulletin Muscum of Comparative Zoology, Vol. 142, No. 1

PTO

SAB \‘IAIAJ]

AB

PAN

. e G

AB

PAS

top—Polyipnus; bottom—Argyropelecus. Abbreviations—photophores:

~ar

Figure 17. Photophore ond spine charocteristics:
see p. 6; spines: DB = dorsal blade; PAS = postabdominol spine; PTS = post-temporal spine.

Sternoptyx); 10-12 abdominal, and four muscular stomach, five or more plyroic
subcaudal photophores always present (see  caccae, and short straight intestine; eyes
Figs. 17 and 18 for photophore and spine large, well developed; gape vertical; adi-
characteristics); mnasal lamallac well de- pose fin usually present; scales thin or
veloped; digestive tract simple, with thick  absent except along ventral surface; swim
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AB

Figure 18. Photophore choracteristics: genus Sternoptyx.

bladder present (see above for osteological
description).

Genus Argyropelecus Cocco, 1829

Argyropelecus Cocco, 1829: 146 (type species:
Argyropelecus  hemigymnus  Cocco, 1829, by
monotypy ).

Plewrothysis Lowe, 1843: 64 (type species: Sterno-
ptyx olfersi Cuvier, 1843, by original designa-
tion ).

Sternoptychides Ogilby, 18SS: 1313 (type spe-
cies: Sternoptychides amabilis Ogilby, 1888, by
monotypy ).

Diagnosis. Twelve abdominal, six supra-
abdominal and two suprapectoral photo-
phores; eyes telescopic, dorsally oriented;
frontal ridges compressed dorsally above
eyes; basisphenoid absent; several teeth
directed anteriorly on posterior maxillary
margin; dorsal “blade” consisting of several
broadened pterygiophores anterior to dor-
sal rays; seven enlarged pleural ribs.

Description. Photophores: PO 1; PTO 1;
BR 6; 16; AB 12; PRO 1; SO 1; SP 2; SAB

AN
SO
AR
PAN
Abbreviations: see p. 6.

6; PAN 4; AN 6; SC 4 (for anatomical
details sce Brauer, 190S; Bassot, 1966).

Spines:  Post-temporals  extended  pos-
teriorly to form a small spine; preopercle
bears one ventrally and one posteriorly
directed spine; retroarticular bears ven-
trally directed spine; basipterygia extended
ventrally bearing one or two postabdominal
spines; cleithrum extends ventrally form-
ing preabdominal = spine; spiny scales
present in adults of some species below
subcaudal and preanal photophores.

Eyes: Large, well developed, telescopic,
lens dorsally oriented, fitting into dorsal
grooves in the frontal bone.

Gill Rakers: Total 15-24; rakers well
developed with rough toothlike surface;
epi- and  ceratobranchials  bear  well-de-
veloped spines on internal surface.

Jaws and Dentition:  Jaws  somewhat
vertically oriented;  premaxilla well  de-
veloped, toothed, and major upper jaw
bone in gape; maxilla also somewhat in-
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cluded in gape, toothed, the posteriormost
teeth curved markedly forward; lower jaw
sturdy, heavily toothed, occasionally with
large canines; dentition consisting of multi-
rowed single cusped, curved caninelike
teeth; palatine teeth present, often well
developed; epibranchial of third and fourth
arch extends ventrally and laterally to form
toothed plates.

Meristics:  Vertebrae
D. 8-10; A. 6-S + 5-6.

Color: Bright silvery in life, quickly lost
i formalin preservative; dark pigmenta-
tion often striated posteriorly; stable for
long periods in preservation.

Internal Anatomy: Relatively thin-walled
swim bladder (see Marshall, 1960) and
gas gland well developed: digestive tract
simple, consisting of heavily pigmented,
double compartmented stomach; the an-
terior internal lining very thick walled and
covered with rasping tubercles: posterior
lining thin and distensible, five to seven
thick-fingered pyloric caccae, large liver,
and a short straight intestine; caclomic
cavity lined with heavily pigmented mem-
brane; gonads when mature fill the dorsal
and lateral posterior half of the body
cavity; nephritic tissue moderately well
developed.

Species complexes. There has been sub-
stantial radiation wwithin the genus and
even to some extent within the species
complexes. The A. affinis complex appears
to be the most primitive and other forms
can be derived from it. Primitive char-
acters  of this  complex include: three
hypural elements in lower caudal lobe;
posterior ventral photophores in an almost
unbroken series; glandular photophore ar-

35-40; C. 9+10;
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rangement  simple, the posterior photo-
phores not joined in glandular clusters;
little reinforcement of posteriormost pleural
rih; body mnot markedly deepened ante-
riorly; basipterygia lacking support arm for
keel plates; generally unspc(m]ucd axial
skeleton, mc]udm(r lack of marked broad-
ening of anterior hﬂema] spines; vertebral
number 358-40.

The more advanced members of the
genus are characterized by two hypural
clements in the lower caudal lobe; pos-
terior photophores joined into  distinct
glandular clusters; a general deepening of
the anterior body region with subsequent
reduction in vertebral number; increased
complexity of structural ossification espe-
cially in the axial skeleton, including a
marked reinforcement of the last large
pleural rib, and a keel supporting ex-
tension on the left basipterygia.

A. hemigymnus appears slightly more
primitive than the A. lychnus complex and
is highly specialized. Tmportant characters

include: primitive transitional vertebrae
(like A, affinis); dwarfism (maximum
length 35—40 mm); fused Dbasipterygia

forming single postabdominal spine; 38
vertebrae; epiotics with dorsal extensions
(Fig. 7): peculiar dorsal blade shape,
often with supplementary spiny spurs on
the major element.

The most specious group, the A. lychnus
complex, shows a high degree of structural
ossification in the axial skeleton, including
the dorsal and anal pterygiophore systems;
some species have developed long, fang-
like canines in the lower jaw; there is a
marked deepening of the anterior body
region with reduction in vertebral number.

Key ro the Specis or Argyropelecus

la. Supra-abdominal, preanal, anal,

and subcaudal photophores in a wearly continuous

straight line: subcaudal photophores separate, an appreciable gap between each photo-

phore; 3 separate hypural elements in lower candal lobe

A. affinis complex . 3

b. Supra-abdominal, preanal, anal, and subcaudal photophores not in a continuous straight
line; subcandal photophore group in a single glandular cluster, no appreciable gap be-
tween each photophore; two separate hypural elements in lower caudal lobe 2

A single posteriorly directed, serrate postabdominal spine; gap between anal and sub-

caudal photophore groups greater than 2.2 times gap between preanal and anal groups;

dorsal rays 8

A, hemigymnus (p. 42).
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b. Two separate postabdominal spines; anal subcaudal gap less than 2.0 times anal-pre-
anal gap; dorsal rays 9 . A. lychnus complex 4

3a. Dorsal blade low, its height less than one-third its length; body margin not markedly
raised posterior to dorsal blade; ventral keel scales do not extend far below abdominal
photophores; no laterally directed sphenotic spine near dorsal, posterior edge of mbit
__________________________________ ) A. affinis (p. 34).

b. Dorsal blade high, its llug,ht greatcr than one-third its length body margin 1mrl\<,d]y
raised posterior to dorsal blade; ventral keel scales extend well below abdominal photo-
phores forming flaplike process; prominent laterally directed sphenotic spine near dorsal,
posterior edge of orbit e e = & A. gigas (p. 38).

T e 0%
R s

a.

4a. Posterior postabdominal spine directed posterioventrally and markedly larger than the
anterior; anterior margin of posteriormost abdominal keel scale slants markedly forward;
standard length less than 3.4 times body depth; pair of enlarged canine teeth present in
lower jaw; subcaudal spines present e oo A. aculcatus (p. 48).

h. Both postabdominal spines of about equal length and size; anterior margin of posterior-
most abdominal keel scale almost vertical; SL greater than 3.5 times body depth; pair of
enlarged canines may or may not be present in lower jaw; subcaudal spines may or
may not be present Y ;

s 03|

b.

5a. Pair of enlarged canine teeth in lower jaw; sharply pointed anteriormost postabdominal
spine curved markedly and evenly forward; upper preopercular spine short, not extend-
ing much beyond posterior border of preopercle; outermost tips of dorsal and ventral-
most caudal rays streaked with dark pigment (fish greater than 35 mm)
A, olfersi (p. .32).
b. No p"m of cnlarg,cd canines in lower jaw; anteriormost poshlb(l(mmml spine squared or
blunt (except very small individuals), not curving evenly forward; upper preopercular
spine extends well beyond posterior border of preopercle; no pigment on outermost
caudal rays . f == (B
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Dorsal blade low, blade height less than 2.5 mm for SL 25-30 mm, less than 3.1 mm for
SL. 50-70 mm; body narrow (see regression, body depth, Table 11); no spines on
scales below subcaudal photophores; dark well-developed pigment spots form line along
posterior midline (especially in smaller sizes); upper preopercle spine usually curved
dorsally, never ventrally sladeni (p. 56).

. Dorsal blade high, blade hvwht g,rcater than 2.7 mm for SL 20—0() mm, Ll(‘dttl‘ than

3.8 mm for SL. greater than 50 mm: body robust (sec regression, body depth, Table
14); spiny scales present below subcaudal photophores (fish greater than 30 mm SL);
pigment spots minute along posterior midline; upper preopercle spine usually curved

ventrally, never dorsally

Argyropelecus affinis Garman

Figure 19

Argyropelecus affinis Garman, 1899: 237 (holo-
type USNN 44593; tropical North Atlantic:
not seen); Brauer, 1901: 120; 1906: 103 (fig.

larvae); Regan, 1‘)0% 218; Barnard, 1925: 153;
Norman, 1930: 301 (fig.): Jespersen, 1934: 15
(fig.); Fowler, 1936: 221; Becbe, 1937: 201:
Parr, 1937: 49; Norman, 1939: 19; Nybelin,
1948: 23; Misra, 1952: 367; Smith, 1953: 102;
Haig, 1955: 321; Fowler, 1956: 67; Schultz,
1961: 597 (fig.); Bahamonde, 1963: 83:
Blache, 1964: 71 (fig.); Schultz, 1964 241
(fig.); Backus et al., 1965: 142; Bussing, 1965:
185; Bright and Paquegnat, 1969: 27.
Argyropelecus pacificus Schultz, 1961: 599 (fig.);

1964: 241; Berry and Perkins, 1965: 625;
Lavenberg and Ebeling, 1967: 185.

Species distinction. Differs from A. gigas

. A lychnus (p. 63).

(in addition to key characters) by its nar-
rower body depth and trunk (see regres-
sion, body depth, Tables 2 and 3); less
distinet trunk striations; relatively longer
teeth in lower jaw; less well-developed
post-temporal spines; smooth dorsal hody

surface; and less well-developed neuro-
cranial crests  (frontals, sphenotics, and
parietals).

Description. D. 9; A. 12-13; P. (10) 11;
total gill rakers 18-22; vertcbrac 38-39
(40).

Medium size species rarely  exceeding

70 mm Sl.; body more evenly tapered than
others in genus; body depth at end of
dorsal greater than 3.5 times into SL;
caudal peduncle long and narrow, its depth
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Figure 19.  Argyropelecus offinis; R/V CHAIN, Cruise 60; Station 1257; SL 51 mm.

less than length of subcaudal photophore
group; dorsal spine low, its height less
than one-third its length; post-temporal
spine short; postabdominal spines of equal
size, with no marked curving; dorsal pre-

opercle spine  directed latero-anteriorly;
ventral preopercle spine long, curved an-
teriorly; jaws large; tecth short, recurved,
better developed in lower jaw; gill rakers
long, closcly set; in preservative, trunk

TABLE 2. RECGRESSION STATISTICS FOR VARIOUS POPULATIONS OF A. AFFINIS,

Regression

Character A B

Indian Ocean (5°-12°N, 160°-168°E)

Body depth -1.83 0.49 = .146

Jaw length -0.78 0.25 + .065
N=11

Gulf of Guinea

Body depth 2.4 0.46 =+ .121

Jaw length N -0.27 0.22 + 060

Jaw width -0.23 0.12 =+ .059
N=10

NW Atlantic (30°-33°N, 73°-78°W)

Body depth 2.59 0.37 = .176

Jaw length -0.78 0.24 =+ 107

Jaw width -1.35 0.14 + 087
N=17

SE Pacific (Chile)

Body depth 0.55 0.42 = .086

Jaw length 0.64 0.21 =+ .047
N =13

NE Pacific (California)

Body depth -1.02 0.49 = .062

Jaw length 0.27 0.22 + .029

N =19
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Figure 21. Diurnal vertical distribution of A. affinis determined by rate of capture with depth during the day (D) and

night (N). A = Pacific (Califarnia); B = Pacific (Chile}; C = Gulf of Guineaq;

region exhibits cross pigment striations
with well-defined, midlateral line.
Distribution.  Horizontal  distribution
(Fig. 20): Taken abundantly in the Gulf
of Guinea, oft California, Chile, and in the
northern Indian Ocean; moderate catches
are recorded from the northern Gulf of
Mexico and the coast of Venezucla in the
Caribbean; smaller catches which may rep-
resent possible populations are recorded
southeast of TTawaii, south of Java, and off
the southeast coast of the United States;

D — Gulf of Mexica and Caribbean.

scattered samples representing this specics
appear in the Bay of Bengal, Gulf of Aden,
tropical Atlantic, and off the southeast
coast of Brazil. (Additional records: At-
lantic. occasional catches between Azores
and Madeira; Pacific, moderate catches
near coast of northern Peru.)

Vertical distribution (Fig. 21): Appears
concentrated between 350 m and 600 m
by day with the highest concentrations in
the vicinity of 400 m: by night the dis-
tribution is somewhat more shallow, major
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Figure 22. Geographic variation in gill raker number in
A. affinis. A = Gulf of Guinea; B = Caribbean; C =
Indian Ocean; D = Pacific (Chile); — Pacific (Cali-
F — NW Atlantic (NW Atlantic packet). Numbers
refer ta sample size.

farnia);

concentrations occurring from 170 m to 400
m. With the possible exception of the
Culf of Guinea, there are no indications of
marked geographic variation in depth dis-
tribution, although Appendix C indicates
slightly shallower daytime depths off Cali-
fornia than in the tropical Atlantic.

Geographic  variation.  Five scparate
populations could be recognized and are
identified and statistically defined in
Figures 22 and 23 and Table 2. Regression
sample sizes are small in the Atlantic.
Figure 23 indicates positional variation in
body depth even though there is no sig-
nificant difference in slope.

Argyropelecus gigas Norman
Figure 24

Argyropelecus  gigas Norman, 1930: 302 (holo-
type BMNIH 1.12.329; Gulf of Guinca; not
scen); Jespersen, 1931: 15 (fig.); Fowler,
1936: 1208; Parr, 1937: 49; Maul, 1949a: 17
(fig.); 1949b: 13; Koefoed, 1961: 3; Schultz,
1961: 600 (fig.); 1964: 241 (fig.); Blache,
1964: 71 (fig.); Backus et al, 1965: 129;
Bright and Paquegnat, 1969: 28.

30.

oo

SL

Figure 23. Geagraphic variatian in the regression of body depth (BD) on standard length (SL) in A. affinis. A = Pacific

(Califarnia); B = Pacific (Chile); C = NW Atlantic;

D — Gulf of Guinea; E = Indian Ocean.
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Figure 26.
night (N).

Argyropelecus affinis: Jespersen, 1915: 6; Roule
and Angel, 1933: 46; Buen, 1935: 32; Nybelin,
1948: 23; Dollfus, 1955: 1.

) S)pccies distinction. See A. affinis (p.
4).

Description. D. 9 (10); A. 12-13; P.
10-11; total gill rakers 18-21; vertebrae
35-39.

Giant species often exceeding 110 mm
SL; trunk triangulate, body depth at end of
dorsal less than 3.3 times into Sl caudal

10

20 30

HR

Diurnal vertical distribution of A. gigos determined by rate of capture with depth during the day (D} and
A = Pacific (Chile); B = Gulf of Guinea; C = Gulf of Mexico; D = NE Atlantic.

pedunele deep, its depth nearly equal to
subcaudal photophore length; dorsal spine
high, its height greater than one-third its
length; post-temporal spine prominent;
postabdominal spines symmetrical; pre-
operele spines as in A. affinis: jaws large:
teceth small. reecurved, a pair of larger
canine teeth in upper jaw (premaxilla);
gill rakers well developed; parietals, post-
temporal, frontals and sphenoties  with
prominent spines or flanges; in preserva-
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Geographic variation in gill raker number in

A = NE Atlantic; B = Gulf of Guinea; C =
D = Pacific (Chile}. Numbers refer to

Figure 27.
A. gigos.
Indian Ocean;

sample size.

tive pigment in small spots along midline;
very heavy mucoid secretion often present.

Distribution.  Horizontal  distribution
(Fig. 25): Although occurring in all oceans
except the North Pacific, this species ap-
pears quite restricted locally. Tt is taken
in abundance in the Gulf of Guinea, in the
castern North Atlantic off North Africa
and southern Spain, in the northern Gulf

TasLe 3.

of Mexico, and off Chile in the South
Pacific; small catches of this species are
recorded along longitude 67°E from the
equator to 40°S in the Indian Ocean, across
the South Pacific between 35°S and 50°S
from Chile to New Zealand in the South
Pacific, and between New York and Cape
Cod in the North Atlantic. Additional
records: 36°357S, 95°2S’L.

Vertical distribution (Fig. 26): Con-
centrated between 400 m and 600 m; no
indication of diurnal vertical movement or
marked geographic variation in depth dis-
tribution.

Geographic variation. While having the
most disjunct horizontal distribution in the
family, this species shows the least vari-
ability in the characters measured (Fig.
27, Table 3). Sample sizes in most cases
were quite small, and increased sampling
and the use of other characters may re-
sult in better population definition.

Argyropelecus hemigymnus Cocco
Figure 28

Argyropelecus  hemigymuous  Cocco, 1829: 146
(holotype unknown; Mediterranean, Messina);
Alcock, 1896: 331; Jordan and Evermann, 1896:

REGRESSION STATISTICS FOR VARIOUS POPULATIONS OF A. GIGAS.

Character

Regression

Gulf of Guinca
Body depth
Jaw length
Jaw width

NE Atlantic (37°N, 10°W)
Body depth
Jaw length
Jaw width

Indian Occan (0°—10°S, 167 L)
Body depth
Jaw length

SE Pacific (Chile)
Body depth
Jaw length

A B
0.65 0.50 =+ .131
0.71 0.21 + .055
-0.33 0.14 = .040
N =10
—1.142 0.58 == .104
0.23 0.22 + .044
-1.36 0.16 + .029
N=14
-0.60 0.54 = .332
0.39 0.22 =+ .137
N=5
-2.21 0.54 =+ .155
-0.71 0.24 + .068

N=9
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igure 28.
604; Handrick, 1901: 1 (anatomy, nervous
system, light organs); Collett, 1903: 106;

Ledenfeld, 1905: 170 (light organs); Brauer,
1906: 106 (larvae, fig.); Regan, 1908: 218§;
Ehrenbaum, 1909: 357 (larvae, fig.): Zug-
mayer, 1911: 52; Holt and Byrne, 1913: 21
(larvae, fig.); Jespersen, 1915: 6; Jespersen
and Taning, 1919: 220 (larvae, eye muscles):
Nusbaum-Hilarowicz, 1923: 10 (anatomy):

Barnard, 1925: 153; Jespersen and Tining,
1926: 59; Sanzo, 1928: 350 (eggs, larvae).

Norman, 1930: 301; Borodin, 1931: 41 (eggs,
larvae); Jespersen, 1934: 15 (larvae, fig.):
Buen, 1935: 52; Fowler, 1936: 1208; Beche.
1937: 201; Parr, 1937: 19 (spines); Norman,
1937: 82; 1939: 19; Nybelin, 1948: 23; Maul,
1949b: 13; Misra, 1952: 367; Smith, 1953: 102:
Kotthaus and Krefft, 1957: 3; Peres, 19538: +
(bathyscaphe); Koefoed, 1961: 5; Schultz, 1961:
601; 1964: 241; Blache, 1964: 71; Backus et
al., 1965: 139: Kotthaus, 1967: 22 (photo,
otoliths); Bright and Paquegnat, 1969: 28.

Argyropelecus  d'urvilli Valenciennes, in Cuviel
and Valenciennes, 1819: 405; Goode and Bean.
1896: 127.

Argyropelecus  intermedins  Clarke, 1878: 25
Schultz, 1961: 387; 1964: 241; Blache, 1961:
71; Berry and Perkins, 1965: 625; Kotthaus,
1967: 11 (photo.); Lavenberg and Ebeling,
1967: 185.

Argyropelecus hemigymnus; R/V CHAIN, Cruise 60; Station 1299; SL 30 mm.

Argyropelecus heathi Gilbert, 1905: 601; Fowler,

1949: 42; Haig, 1955: 321.

Species distinction. Differs from all other
species in genus by its narrow trunk, single
postabdominal spine, small size, minute
teeth, presence of only eight dorsal and
cleven anal rays.

Description. D. S; A. 11; P. 10-11; total
gill rakers (18) 19-23 (24); vertebrac (36)
37-38.

Dswarf species rarely exceeding 38 mm
SL: trunk very long and narrow; its depth
at origin of anal photophores three or more
times into greatest hody depth, subcaudal
photophores well separated from  anals;
dorsal spine medium-to-high, its height
often exceeds its length; post-temporal
spines well  developed;  postabdominal
spines fused to form a single spine com-
plex; lower preopercle spine directed ven-
trally, the upper posterio-dorsally; jaws
medium; teeth small to minute; gill rakers
long and numerous; in preservative ab-
dominal region dark, trunk pigmentless
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INDICATES NO SIGNIFICANT DIFFERENCE BETWEEN

COMPARISONS OF REGRESSION STATISTICS FOR THREE POPULATIONS OF A. HEMIGYMNUS.
GRESSION A REFERS 1O PIGMENT FORM A (SEE TEXT):

Bulletin Museum of Comparative Zoology, Vol. 142, No. 1

RE-
ReEcressioN B REFERS TO PIGMENT rorM B. NS

THE SLOPES OF THE TWO REGRESSIONS INDICATED.

Regression A Regression B
Character A B A B Slope-1-Test
Southern Ocean (Pacific)
Body depth -0.61 0.53 = .041 045 048 *= .063 NS
Caudal peduncle width 0.52  0.07 = .099 0.59  0.07 = .016 NS
Jaw length 0.09 023 %= .026 0.68  0.21 + .036 NS
Jaw width -0.36 0.1.4 = .020 0.01  0.13 = .041 NS
N =41 N=19
Gulf of Mexico
Body depth -0.95  0.54 = 086 1.62  0.45 =+ .161 NS
Caudal peduncle width 0.30  0.09 = .020 0.34  0.09 = .037 NS
Jaw length 0.15  0.23 % .050 -0.15  0.26 = .108 NS
Jaw width -0.33 0.1 =+ .038 0.8  0.09 = .053 NS
N =17 N=10
N Puacific (California)
Body depth 0.38  0.51 = .121 0.43  0.49 = 176 NS
Dorsal blade 0.56  0.08 = .031 072  0.07 = .063 NS
Jaw length 0.60 021 *= .047 -0.538  0.24 =+ .103 NS
Jaw width 0.30  0.11 = .042 -0.36  0.11 = .060 NS
N=14 N=8§

except in definite patches along midline
and above anal and subcaudal photophore
groups.

Pigment forms. Two pigment forms
designated form “A” and form “B” occur

over much of the species range. IForm A
is characterized by distinet and clearly de-
fined body pigmentation, while in form B
the body pigmentation is quite diffuse.
This pigment difference is not a function

of size or scx, is mtermediate in few in-
dividuals, and both forms do occur in the
same catch. A morphometric analysis of
three  sympatric  populations in  several
characters and meristies (Table 4; Ifigs.
33 and 34), plus measurements from one
or the other pigment forms from other
areas (Table 6) failed to show any sig-
nificant  difference  between  sympatric
populations. In addition, there was no

TABLE 5. DIURNAL CAPTURE COMPARISONS OF THE TWO PIGMENT FORMS OF A. MEMIGYMNUS FROM

VARIOUS AREAS FROM DEPTIS OF Oz 1o 1000 A1

OF POSITIVE HAULS; # 20-+ = NUMBER OF POSIT

# = TOTAL NUMBER OF HAULS; # POs. = NUMNBER
IVE TIAULS CONTAINING 20 OR MORE INDIVIDUALS.

Night Day
Loeale Pigment Form = Z pos. # 20+ It Ir pos. # 204

NE Atlantic A 41 9 2 47 20 14
(20-35°N, 0-30°\) B 41 5 9 47 7 1
N Atlantic A 129 15 6 102 43 22
(37-43°N, 30-70 W) B 129 27 12 102 6 2
Gulf of Mexico A 5 3 1 35 19 (§]
and Caribbean B 15 4 0 35 0 0
Southern Ocean A 38 12 3 25 19 3
B 58 32 10 25 3 1

* 18 of these hauls were less than 200 m.
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consistent sorting out over the range of
variability of any one form in any char-
acter.  Analysis of diumal depth  distri-
butions revealed a marked sorting out of
pigment types with form A most numerous
during the day while form B was pre-
dominantly caught at night (Table 5).
Distributions from which Table 5 was com-
piled were chosen from areas where this
species appears to occur throughout the
horizontal sampling space. It is concluded
that these two forms represent pigment
states of the same species whose states can
be varied individually.

Recently Badcock (1969) reported dicl
color variation in several mesopelagic
fishes (including A. hemigymnus) and at-
tributed it to a correlation with ambient
light conditions. This appears to be the
case in Argyropelecus hemigymnus. There
are two anomalies, however, which raise
some interesting points. First is the occur-
rence, occasionally in - great numbers, of
the day form at night and the night form
during the day. Second is the relatively
rare occurrence of form B in the tropics
and its apparent absence from the Medi-
terrancan (over 300 specimens examined ).

Tropical submergence is present in this
species (sce below ) and may help explain
the rareness of form B in the tropics.
Nevertheless, there is considerable com-
plexity in the depth distribution of this
species and if the pigment change is sen-
sitive to small ditferences in ambient light,
it may be used as an indication of seasonal
or geographical changes in depth distri-
bution, changes in sea water turbidity, or
of other correlated information.

Distribution.  Horizontal  distribution
(Figs. 29 and 30): Occurs in the South
Atlantic around the Falkland Islands and
abundantly off the southeast coast of
Brazil; a scattering of catches along lati-
tude 35°S to the Cape of Good Hope sug-
gests a broad distribution across the South
Atlantic; occurs in small catches along the
southwest African coast, appears absent
in the Gulf of Guinea, but occurs in the

western tropical Atlantic; is taken in moder-
ate numbers in the Caribbean and Gulf
of Mexico and abundantly in the western
Atlantic; is abundant across the North
Atlantic and the eastern North Atlantic as
far south as the Cape Verdes Islands; it
represents the only species of this fam-
ily in the Mediterrancan, where it oc-
curs abundantly in the western  basing
scattered  moderale-to-small  catches  are
present from 5°N to 12°S latitude in the
central Indian Occan, and another popu-
lation is scattered from 20°S to 40°S with
several small catches reported from  the
southeastern  and  southwestern  Indian
Ocean; a single catch off the Philippines,
another at 42°N| 169°E, and small catches
from the Banda Sea and ncar IHawaii
represent this species in the west and cen-
tral Pacific; large populations occur off
California and Chile; it is taken abun-
dantly across the Southern Ocean from 35°-
35S latitude from Chile to New Zealand:
taken in small numbers in the Tasman Sea
and off Sidney, Australia.

Vertical distribution (¥igs. 31 and 32):
Occurs from 200 m to 700 m by day with
the greatest concentration between  350-
550 m; occurs from 100 m to 6350 m by night
with concentrations between 150-3S0 m;
tropical submergence indicated in the Gult
and Caribbean by examining number of
catches above 200 m (Appendix B) com-
pared with the North Atlantic; by day it
appears to concentrate at about 350 m in
the Sargasso Sea (Dr. James Craddock,
WHOI, personal conversation ).

Geographic variation. At least seven dif-
ferent populations could be discerned and
are identified and statistically detined for
a number of characters in Tables 4 and 6
and Figures 33 and 34. Small samples
from the central Pacific and Cape Verdes
Islands may indicate scparate populations
also. Broad variations in slope between
several populations were noted and these
were  tested  for  statistical  significance
(Table 7) indicating considerable world-
wide variability and distinet population



47

Baird

MARINE HATCHETFISHES

‘g wioy juoawbBid ‘snuwhbiway "y Jo uolnquysip {ojuoziioy Qg 2nBiy




48 Bulletin Muscum of Comparative Zoology, Vol. 142, No. 1
o D
200 ® )
x
a00lx O ,*?* o x * ° °
* *O0
600
*
800 a
1000 a) AQ
D 1500 . . . ; . B O
E 6 20 30
=] (2} (©
T
4 D%
® N E %
* [ ]
200 Fe
°
Q0 o
[+) o
400 Srge o
o
°
600 x ®
°
800
1000
1500 S v .
b 20 30

FISH

HR

Figure 31. Diurnal vertical distribution of A. hemigymnus, pigment form A, determined by rate of copture with deplh}
B = Southern Ocean; C = SW Atflantic; D = Gulf of

during the day (D) and night (N). A = Pacific (Californic);

Mexica and Caribbean; E = N Atlantic; F = NE Atlantic.
characteristics; dorsal blade height and gill
raker number differences (Figs. 33 and
34) further emphasized the distinetness of
populations in this species.

Argyropelecus aculeatus Valenciennes
Figure 35

Argyropelecus aculeatus Valenciennes, in Cuvier
and  Valenciennes, 18149: 106  (holotype
MNHNP 1817; Azores; not seen): Giinther,
1864: 384; Sauvage, 1891: 483; Collett, 1903:

108; Brauer, 1906: 110; Regan, 1908: 218;
Jespersen, 1915: 11; Norman, 1930: 301I;
Borodin, 1931: 68; Jespersen, 1934: 15; Beebe,
1937: 201; Bertin, 1940: 314 (holotype); Maul,

1949a: 17; Misra, 1952: 367; Bigelow and
Schroeder, 19533: 149; Koefoed, 1961: T7;

Schultz, 1961: 607; 1964: 241; Backus et al.,
1965: 139; Kamohara and Yamakawa, 1965:
22; Bright and Paquegnat, 1969: 29.
Argyropelecus  olfersi: Goode and Bean, 1896:
127; Jordan and Evermanu, 1896: 604 (?):
Rivero, 1934: 31; 1936: 56; Cervigon, 1964: 1.
Argyropelecus ( Sternoptychides) amabilis Ogilby.

|
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Figure 32. Diurnal vertical distributian of A. hemigymnus, pigment farm B (see Fig. 31).

1888: 313; Goode and Bean, 1896: 127: Mec-
Culloch, 1923: 118; Whitley, 1940: 404; Koe-
foed, 1961: 7; Schultz, 1961: 607, 1964: 241.
Argyropelecus caninus Garman, 1899: 235,
Argyropelecus acanthurus (unot Cocco) Fowler,
1936: 246; Maul, 1949b: 13; Dollfus, 1955: 24.
Argyropelecus micracanthus Parr, 1937: 49,
Argyropelecus antrorsospinus Schultz, 1937:

-

2.

Species distinction.
52).

Deseription. D. 9; A. 12; P. 10-11; total
gill rakers 15-17; vertebrac 34-36.

Large species often exeeeding 70 mm
SL; body very deep, depth at end of

See A. olfersi (p.

dorsal less than 1.4 into SL: dorsal spine
quite high, its height about equal to its
length; post-temporal spines present; dor-
sal surface of post-temporal with distinct
serrations: postabdominal spines well de-
veloped, the posterior much larger than
anterior; ventral keel extends well below
body margin near postabdominal spines;
preopercle spines short, both pointing ven-
trally; jaws large, teeth long. recurved.
with two enlarged eanines in lower jaw;
spines present below and in front of sub-
caudal photophores; gill rakers medium to
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TABLE G. REGRESSION STATISTICS FOR VARIOUS POPULATIONS OF A, HEMIGYMNUS.

Regression
Character A B
NE Atlantic (36°=39°N. 27°W)
Pigiment Form B
Body depth 1.44 0.45 =+ .069
Caudal peduncle width 0.97 0.06 + .016
Jaw length 1.69 0.17 = .036
Jaw width 0.39 0.11 = 035
’ N =35
NW Atlantic (36°N, 55-60°\W)
Pigment Form A
Body depth -0.33 0.51 = .081
Caudal peduncle width 0.55 0.08 = .019
Jaw length —0.0+4 0.24 = .052
Jaw width 0.43 0.12 =+ .034
N =24
Indian Ocean (5°-35°S. 55°-65°K)
Pigment Formm B
Body depth -0.96 0.55 =+ .266
Dorsal blade 0.35 0.11 =+ .129
Jaw length 0.99 0.21 =+ .158
Jaw width 0.83 0.09 =+ .123
N=7
Mediterannean
Pigment Form A
Body depth 1.44 0.45 += .104
Dorsal blade -0.24 0.09 - .030
Jaw length 1.16 0.20 = .056
Jaw width -1.38 0.19 = .045
N=15
short, with dentate inner surfaces; pigment Distribution.  Horizontal  distribution

diffuse on trunk, no marked pigment on  (Fig. 36): Taken abundantly in the Carib-
midline, pigment concentration above sub- bean and Gulf of Mexico; in the western
caudals present, pigmentless bar anterior North Atlantic to about 40°N and 35°W;
to caudal peduncle in young. occurs in the northeastern Atlantic south

TABLE 7. SLOPE COMPARISONS OF REGRESSIONS OF SEVERAL CIIARACTERS BETWEEN VARIOUS POPULATIONS
or A. HEMIGYMNUS., A = PIGMENT FORM A: B = PIGMENT ronry B.

Character Population 1 Population 2 T B
Jaw length Gult of Mexico B NE Atlantic B 2.073 .05
Gulf of Mexico A NE Atlantic B 2.229 .035
NW Atlantic A NE Atlantic B 2.211 .034
Southern Ocean A NE Atlantic B 2.851 .005
Jaw width Gulf of Mexico B Southern Ocean A 2.109 04
Caudal peduncle depth Culf of Mexico A NE Atlantic B 2.659 .01
Culf of Mexico A Southern Ocean A 2.098 .05

Jaw width Mediterranean A California A 2.548 .021
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Figure 33. Geographic variation in gill raker number in A. hemigymnus, pigment forms A and B. A — NE Atlantic;

B = NW Atlantic; C = Gulf of Mexico; D = Mediterranean; E = Indian Ocean; F = Southern Ocean (Pacific); G =

N Pacific; H = Pacific (California).

of about 35°N along the North African
coast and associated islands; essentially
absent from the tropical Atlantic; small to
moderate catches in the southwestern At-
lantic represent this species; taken in the
central Indian Ocean from about 10°S to
40°S and reported abundant off the eastern
South African coast; a few records scat-
tered along the western Pacific from north
of New Guinea to Japan represent it in the
western  Pacific; a number of moderate
catches indicate its presence in the north
central Pacific; these are matched by
similar catches off Chile and one large haul
off Sidney, Australia.

Vertical distribution (Fig. 37): Occurs
between 200 m and 550 m by day with the
greatest concentrations from 350-450 m;
marked diurnal movement with major con-
centrations from 80-200 m at night; Sar-
gasso Sca captures indicate concentrations
at about 520 m by day (Dr. James Crad-
dock, WHOI, personal conversation ).

Geographic variation. Because of large
samples available this species was used for
L detailed population study in the Atlantic.
[t allowed checks to be made of within-
sopulation variation both from different
vears and as subsamples of the same catch;
‘urthermore, an examination of samples

Numbers refer to sample size.

in the northwest Atlantic provided an op-
portunity to look at variations over at least
15% of longitude in the same biogeographic
region. Table § records these results. In
the northwest Atlantic, results indicate that
population parameters remain constant in

A B
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Figure 34. Geographic voriation in dorsal blade height in
A. hemigymnus, pigment forms A and B, for standard

lengths 23-28 mm. A = NW Atlantic; B = Cape Verdes

Islands; C == NE Atlantic; D = Gulf of Mexico; E =
Mediterranean; F = Pacific (California); G = Southern
Ocean; H == Indian Ocean; | == Caribbean and Tropical

Atlantic. Numbers refer to sample size.
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Figure 35.

the same locality from year to year. In
addition, populations in this area taken at
the same latitude but separated by 157 of
longitude show no indication of changes in
values of parameters measured—in  fact
they appear to remain remarkably con-
stant. Once again division of a large haul
from the Caribbean into two subsamples
gave little variability with adequate sample
sizes. In a given arca, populations scem
to remain distinctive both from year to
vear and over a broad range in the same
biogcographical region. There appears to
be a clinal variation between populations
in the Atlantic, going from the Caribbean,
to the Gulf of Mexico, to the northwest
Atlantic.  Gill raker number and body

Argyropelecus aculealus; R/V CHAIN, Cruise 60; Station 1266; SL 46 mm.

depth (Figs. 38 and 39) show a clinal vari-
ability and possibly jaw length (Table §)
as welll  Six separate  populations are
identified and statistically defined in Table
S and Figures 38 and 39. The South Pacific
(Chile) population is quite distinet from
the others. Differences in slope between
the Caribbean and northeast Atlantic popu-
lations were significant in several char-

acters (Table 9).

Argyropelecus olfersi (Cuvier)
Figure 40

Sternoptyx olfersi Cuvier, 1829: 316  (holotype
MNIINTD 1889; Cape of Good ITope; not scen).
Argyropelecus olfersi, Cuvier and Valenciennes,
1849: 408; Collett, 1903: 108; Brauer, 1906:
69; Regan, 1908: 218; Zugmayer, 1911: 52;
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Figure 37. Diurnal vertical distribution of A. aculeatus determined by rate of capture with depth during day (D) and
night [N}. A = Pacific (Chile); B — N Central Pacific; C = Caribbean and Tropical Atlantic; D = NW Atlantic; E =

Gulf of Mexico; F — NE Atlantic.

Lolt and Byrne, 1913: 120; Jespersen, 1915:
23; 1934: 15; Roule and Angel, 1933: 46:
Buen, 1935: 52; Parr, 1937: 49 (spines); Bertin,
1940: 31+ (holotype); Nybelin, 1948: 23;
Bertelsen and  Grontved, 1949: 163 (light
organs); Maul, 1949b: 13; Dollfus, 1955: 1;
Holgersen, 1958: 120 (population density):
Koefoed, 1961: 10; Schultz, 1961: 610; 1961:
241; Wheeler, 1969: 136.

Species  distinction.  Differs from A.
aculeatus by absence of subeaudal spines,

less deep body  (sce regressions, body
depth, Tables 8§ and 10), lower dorsal
spine,  higher vertebral count and post-
abdominal spine  characteristics;  differs
from A. Iychnus by presence of enlarged
canines, lighter pigment, no subcaudal
spines, preopercle and post-temporal spine
characteristics and first anal photophore;
differs from A. sladeni by presence of
enlarged canines; no definite pigmented
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TABLE 8. REGRESSION STATISTICS FOR VARIOUS POPULATIONS OF A. ACULEATUS.
Regression -
Character A B
SE Pacific (Chile)
Body depth =] (65 0.77 = 274
Jaw length 1.27 0.22 + .087
N=8§
Gulf of Mexico (24°N, 83°W)
Body depth 0.19 0.67 = .08
Caudal peduncle depth 0.12 0.12 + .015
Jaw length 0.70 0.23 # .032
N =23
Caribbean (13°N, 71°W) (Sample 1)
Body depth 2.32 0.64 = .061
Caudal peduncle depth 0.20 0.12 = .013
Jaw length 0.70 0.24 % .025
N =23
Caribbean (13°N, 71°W) (Sample 2)
Body depth 2.85 0.63 == .080
Caudal peduncle depth 0.39 0.11 = .018
Jaw length 0.66 0.25 = .034
N =26
NW Atlantic (12°N, 47°W) (9/64)
Body depth 0.69 0.66 =+ .087
Caudal peduncle depth -0.06 0.12 == .020
Jaw length -0.03 0.26 == .031
N=28
NW Atlantic (41°N, 62°W) (9,/64)
Body depth 0.60 0.67 = .061
Caudal peduncle depth 0.23 0.12 = .012
Jaw length -0.17 0.26 = .025
N =30

NW Atlantic (42°N, 62°W) (9/62)

Body depth 0.25 0.67 = .035
Caudal peduncle depth 0.57 0.11 = .010
Jaw length -0.47 0.27 = .038
N =40

NE Atlantic (32°N, 13°W)

Body depth 1.32 0.69 = .123
Caudal peduncle depth " 1.34 0.10 = .019
Jaw length -0.72 0.29 = .042

N =29

TABLE 9. SLOPE COMPARISONS OF REGRESSIONS OF VARIOUS CHARACTERS BETWEEN TWO POPULATIONS OF
A. ACULEATUS. THE CARIBBEAN POPULATION CONSISTS OF TWO SUBSAMPLEs (SEE TABLE §).

Character Population 1 Population 2 T 7['
Caudal peduncle depth NE Atlantic Caribbean 2 2.009 .05
Jaw length NE Atlantic Caribbean 1 2.266 .038
Jaw length NE Atlantic Caribbean 2 2.059 048
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Figure 38. Geographic variatian in gill rcker count in A.
aculeatus. A = NW Atlontic; B = NE Aflanlic; C =

N Centrol Pacific; D = Pacific (Chile);
F = Gulf of Mexico.

E = Caribbean;
Numbers refer to somple size.

midline; deeper body (sce regression, body
depth, Table 11), spinc characteristics,
anal photophores, and lower gill raker
count.

Description. D. 9; A. 12; P. 10-11; total
gill rakers (15) 16-17; vertebrac 36-37
(38).

Large specics often exceeding 70 mm
SL: body deep, depth at end of dorsal
usually greater than 1.5 times into SL.:
first preanal photophore with pointed
dorsal margin: dorsal spine high, its height

nearly one-half its length; post-temporal
spines well  developed;  postabdominal
spines nearly cqual, anteriormost spine

curves smoothly forward; lower preopercle
spine long, curving forward, upper very
short; jaws large; teeth recurved with two
large canines in lower jaw and a somewhat
smaller pair in the upper jaw; pigment
diffuse over whole of trunk; no marked
midline pigment spots; less marked con-
centration of pigment in caudal peduncle;
dark pigment present on outermost caudal
rays (this often lost in handling).

TasLe 10.  REGRESSION STATISTICS FOR TWO POPU-
LATIONS OF A. OLFERSI.

Regression
Character A B

NE Atlantic

Body depth 0.51 0.64 = 231
Jaw length 0.56 0.26 == .099

N=8

Southern Ocean (Pacific)

Body depth 174 0.61 =+ .158

-0.19 0.28 = .075

N =10

Jaw length

Distribution. Horizontal distribution (IFig,
36): Restricted to the northeast Atlantic
between latitudes 35°N and 65°N and ecast
of longitude 35°\V; occurs in a broad band
across the southern Pacific between 30°8
and 50°S from Chile to New Zealand; re-
ported southwest of the Cape of Good
Hope suggesting a bipolar distribution in
the Atlantic; not reported from the North
Pacific or southern Indian Ocecan.

Vertical distribution (Fig. 41): Data
variable by day with relatively low con-
centrations from 200 m to 750 m; by night
depths are concentrated between 200 m
and 450 m with most records from 180 m
to 300 m; no indications of marked geo-
graphic variation in depth.

Geographic variation. Analysis of small
sample sizes from the two major widely
separated populations indicate no statisti-
cal differences and little  evidence  of
separation (Table 10; Fig, 42).

Argyropelecus sladeni Regan
Figure 43

Argyropelecus sladeni Regan, 1908: 218 (holotype
BNINIL; Central Indian Ocean; not  seen);
Jespersen, 1934: 15; Fowler, 1936: 1208; Parr,
1937: 149 (fig., incorrectly cites Norman, 1930
as original description); Norman, 1939: 19;



MariNe HaTcHETFISHES +  Baird 57

20

“igure 39.

Atlantic; B = Gulf of Mexico; C = NE Atlontic;

Marr, 1948: 140; Misra, 1952: 367; llaig, 1955:
321; Fowler, 1956: 27; Koefoed, 1961: 1.

Argyropelecus olfersi: Barnard, 1925: 153; Smith,
1957: 37 (?); Bright and Paquegnat, 1969: 29.

Argyropelecus lyclinus lychuus Schultz, 1961: 587
(in part); 1964: 241; Blache, 1964: 71; Backus
et al, 1965: 139; Bright and Paquegnat, 1969:
30.

Argyropelecus lyclinus sladeni Schultz, 1961: 587:
1964: 241 (incorrectly cites Norman, 1930. as
original  description); Kotthaus, 1967: 22
(photo., otoliths).

Argyropelecus lychnus hawaiensis Schultz, 1961:
587; 1964: 241.

Argyropelecus hawaiensis Berry and Perkins, 1965:
625; Lavenberg and Ebeling, 1967: 185.

Species distinction. See A. olfersi (p.
32) and A. lychnus (p. 63).

80

SHS

Geogrophic variotion in the regression of body depth (BD) on stondord length (SL} in A. aculeatus. A = NW
D — Caribbeon; E = Pocific (Chile).

Description. D. 9: A. 12; P. 10-11; total
gill rakers 17-21; vertebrac 35-37.

Medium size species seldom exceeding
60 mm SL; body less deep, depth at end
of dorsal about two or more times into SL;
dorsal blade low, height about three or
more times into its length; postabdominal
spines of equal size, anterior one occasion-
ally straight, usually squared or blunted;

upper preopercle spine long, directed
posteriorly and usually dorsally, lower
directed ventrally and often slightly

posteriorly; jaws medinm; teeth small, re-
curved, no large canines present; gill rakers
medium to long, slightly dentate; first pre-
anal photophore raised well above second
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Figure 40. Argyropelecus olfersi; R/V ATLANTIS II, Cruise 13; Station 1039; SL 50 mm.
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Figure 41,
(Pacific); B — NE Atlantic. "

which is even with or above third; anal
pterygiophore  gap with threce haemal
spines lacking pterygiophores; in preserva-
tive pigment often quite dark; large dis-
tinct pigment spots present along midline,
especially evident in smaller specimens;
there may be a diurnal pigment difference
similar to A. hemigymnus in this specics.

Distribution. Horizontal distribution (Fig.
14): In the Atlantic this species is found in
ibundance along the African coast from

)

Diurnal vertical distribution of A. olfersi determined by rate of capture with depth.

20 30

HR

A = Southern Ocean

about 15°S northward into the Gulf of
Guinea; it occurs in moderate numbers
across the equatorial Atlantic in a Dbelt
from 5°S to 15°N latitude; it is abundant
in the Caribbean in the vicinity of the
Venezuelan coast, absent from the northern
Caribbean, appearing again in numbers in
the western and northern Gulf of Mexico
and the straits of Florida: a few small
catches have been taken in the North
Atlantic and along the Brazilian coast. In
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3 TaBrLeE 11. REGRESSION STATISTICS FOR VARIOUS
POPULATIONS OF A. SLADENI.
A I—h_ Regression
Character A B
T i
N Pacific (42°N, 165°\V)
=) _E—'_I Body depth 038  0.52 + .156
Dorsal blade 2.02 0.01 # .027
Jaw length —0.03 0.25 =+ .076
Jaw width 0.48 0.13 = .070
v 4 v L v N = lO
14 17 E Pacific (California)
Figure 42. Geographic variation in gill raker count in Body depth 1.25 0.53 = .074
A. olfersi. A = NE Atlantic;c B = Southern Ocean. Dorsal blade 2.62 0.00 = .022
Numbers refer to sample size. Jaw length 0.92 0.23 == .027
Juw width 0.62 0.10 == .028
N =27
. o ) . Tudian Ocean (05°N, 65°15)
the Pacific a somewhat biantitropical dis- , _
ibution is indicated. with laree lations Body depth 0.80 0.56 = .142
tribution is indicated, with large populations [ <y e 1.89 0.01 = 010
represented in the North Pacifie to about 4w Jength 0.92 0.24 + 069
175°W longitude. and off the California = Jaw width -0.73  0.13 = .043
coast; another large population occurs off N=11
the coast of Chile; the species occurs north — Caribbean
of New Zealand and south of Hawaii. A.  Body depth 0.87 0.52 =+ .163
sladeni is abundant in the northern Indian  Dorsal blade 129 0.02 = .013
Occan to about 15°N and along the African 12w length -0.07 0.26 + .051
e N ) 1 Jaw width 0.75 0.12 = .04
coast to about 10°S; while not reported N9
from the Bav of Bengal, it is represented " .
- c L Gulf of Guinca
by several small catches south of Java. i 0ol 057+ 18
Vertical distribution (Fig, 45): Concen-  0? depth =7 i
ated 1 ; _ and ! 1 Dorsal blade 1.89 0.01 = .014
t1<}t(( detween 350 m anc 600 m by day, [y length 033 097 + 055
with the major concentrations between 350 Jaw width 1.14 0.11 =+ .027
m and 450 m; by night concentrated be- N= 18
tween 100 m and 375 m, with the major  SE Pacific (Chile)
concentrations between 100 m and 300 m; pody depth 051 051+ .097
no marked indication of geographic vari-  Dorsal blade 204  0.01 =.012
ation with depth. Jaw length 1.04 0.23 = .040
Geographic variation. This species, like  law width -0.63  0.14 = i()35
N =16

AL gigas, has low variability in those body

TaBrLe 12, COMPARISONS BETWEEN AMEAN SLOPES OF TWO CIIARACTERS FOR ALL POPULATIONS OF A.

SLADENI AND A, LYCHNUS FOR WHICH REGRESSION STATISTICS WERE CALCULATED, Pop. # = NUMBER OF

POPULATIONS; X SLOPE = UNWEIGHTED MEAN SLOPE; TOTAL # == TOTAL NUMBER OF FISII MEASURED
OVER ALL POPULATIONS.

Species Character Pop. # X Slope Range -T(Jml?;
A. sladeni body depth 6 0.54 0.52-0.57 86
A. lychnus body depth 3 0.61 0.57-0.64 38
A. sladeni jaw width 6 0.12 0.10-0.14 56
A. lychuus jaw width 3 0.15 0.11-0.16 38
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Figure 43. Argyropelecus sladeni; R/V CHAIN, Cruise 60; Station 1296; Sl 43 mm.
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Figure 45. Diurnal vertical distribution of A. sladeni determined by rate af capture with depth during day (D) and

night (N). A = Pacific (California); B = Pacific (Chile);
E — N Central Pacific; F = N Atlantic. N

proportions measured.  Overlap is broad
and sample sizes are small. Six populations
were statistically defined (Table 11; Fig.
46) but only gill raker counts gave much
separation. Certainly the Atlantic popu-
lation is distinct from the Indian Ocean
and several Pacific populations; within the
latter, distinctions arc not marked. The
Indian Ocean, Chile, and California popu-
lations show some separation, although not
statistically significant.  Other characters

C = Gulf of Guinea; D = Gulf of Mexico and Caribbean;

and larger sample sizes are required to
better define populations in this species.

Argyropelecus lychnus Garman
Figure 47

Argyropelecus lychnus Garman, 1899: 234 (lecto-
type USNM 57885, designation Schultz, 1961;
tropical east Pacifie, not seen; paralectotype
MCZ 35193, seen); Ledenfeld, 1905: 170 (light
organs); Berry and Perkins, 1965: 625; Grand-
perrin and Rivaton, 1966: 36; Lavenberg and
Ebeling, 1967: 185.
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b 18 220 22

Figure 46. Geagraphic variation in gill raker count in A.
sladeni. A = Gulf of Guinea; B = Caribbean; C =

E = Pacific (Chile);
Numbers refer to sample size.

Indian Ocean; D = N Central Pacific;
F = Pacific (California).

Aragyropelecus  olfersi: - Weber and  DeBeaufort,
1913: 1 (?): Clemens and Wilby, 1949: 106;
Koumans, 1953: 186 (?): Morrow, 1957: 56:
Koepcke, 1962: 1-45; Bussing, 1965: 185.

Argyropelecus lyclinus lychinus Schultz, 1961: 587
(in part); 1964: 2.41.

Argyropelecus  sp.,  Kotthaus,
(photo.).

1967: 11 (?)

Species distinction. See A. olfersi (.
52); ditters from A. sladeni by its higher
dorsal blade, preopercle spine character-
istics, presence of two rather than three
haemal spines in anal pterygiophore gap,

TaBLE 13,

lack of distinet dark pigment spots on
midline, broader body, and generally lower
gill raker count (Figs. 46 and 49). Tables
12 and 13 and Figure 50 illustrate the
nature and degree of difference in several
of the characters mentioned above.

Description. D. 9; A. 12; P. 10-11; total
gill rakers 16-18; vertebrae 35-37.

Medium to large species often exceeding
60 mm SL; body deep, depth at end of
dorsal greater than 1.5 into SL; dorsal
blade high, height about 2.5 times into its
length; postabdominal spines of about
equal size, anterior onc slightly smaller,
not smoothly curving but blunted or
squared; upper preopercle spine long, di-
rected posteriorly and usually  ventrally;
lower spine usually curved slightly ante-
riorly or straight down; jaws large, tecth
recurved especially in lower jaw, no large
canines; gill rakers medium to short, den-
tate; first preanal photophore usually lower
than third; spiny scales present in adults
below  subcaudal photophores; the gap
made by the anal pterygiophores contains
two hacmal spines lacking pterygiophores;
in preservative, pigment dark dorsally,
diffuse on trunk with small, light pigment
spots on midline.

Distribution. Horizontal distribution (Fig.
44): Absent from the Atlantic; represented
possibly by a single sample from the Indian
Ocean (04°S, 60°E, Kotthaus, 1967). Pri-

SLOPE COMPARISONS OF TIIE REGRESSION OF DORSAL BLADE HEIGHT ON STANDARD LENGTH FOR

VARIOUS POPULATIONS OF A. LYCHNUS (L) AND A. SLADENI (S).

Character Population 1—L

C Pacific
C Pacific
C Pacific
Chile
California
Chile
Chile
Chile

California

Dorsal blade

California
California

Population 2-—S T P
Chile 3.179 .005
N Pacific 2.452 .025
Indian 2.904 .01
Chile 3.903 001
Chile 3.965 .001
N Pacific 2.171 .045
California 3.514 .001
Indian 3.366 .005
N Pacific 2.272 .035
California B35S .005
Indian 3.444 .005
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night [N). A = Pacific (California); B =

marily restricted to the tropical Pacific;
found in abundance in the eastern Pacific
between 35°N and 35°S; distribution nar-
rows across the equatorial Pacific as far
as 160°\W; a moderate catch from the lesser
Sunda TIslands indicates a possible trans-
cquatorial distribution in the Pacific.
Vertical distribution (Fig. 45): Concen-
trated between 300 m and 400 m  off
California by day, with the highest con-
centration near 400 m; by night major

20 30

HR

Diurnal vertical distribution of A. lychnus determined by rate of capture with depth during the day (D) and
Pacific {Chile); C = Tropical E Pacific.

concentrations occur from 200 m to 330 m,
with no marked indication of geographical
variation in depth.

Geographic  variation.  Three  samples
from widely separated areas in the tropical
cast Pacific and its northern and southern
boundarics gave no indication of any sig-
nificant variation (Table 14; TFig. 49).°
Horizontal distribution data indicates an
essentially continuous distribution in this
area.
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Figure 49. Geographic variation in gill raker caunt in
A. lychnus. A — Central Pacific; — Tropical E Pacific;
C — Pacific {Chile}; D = Pacific {California}. Numbers
refer ta sample size.

Genus Sternoptyx Hermann, 1781

Sternoptyx  Hermann, 1781: 8 (tvpe species:

Sternoptyx diaphana Hermann, 1781, by mono-
typy).

Diagnosis. Ten abdominal, three anal,
three branchiostegal and five isthmus
photophores; a single large dorsal pterygio-
phore spine with an anterior, serrated ex-
tension; first anal pterygiophore greatly
enlarged, forms support for triangulate
membrane above anal fin rays; premaxilla
without anterior pedicels; anteriormost gill
rakers reduced to toothed ridges; post-
temporal and supracleithrum separate; hy-
pural elements fused to form single caudal
plate; haemal and neural spines greatly
clongate in trunk region.

Description. Photophores: PO 1; PTO 1;
PRO 1; SO 1; SP 3; PAN 3; SAN 1; AN 3;
SC 4.

Spines: Preopercle with single ventrally
oriented spine: retroarticular bears spine,
preabdominal spine present; basipterygia
fused to form a set of four postabdominal
spines; basc of first anal pterygiophore
bears ventral spines; no well-developed
post-temporal spines.

Marine HATcHETFISHES + Baird 67

TasBLE 14. REGRESSION STATISTICS FOR VARIOUS
POPULATIONS OF A. LYNCHUS.

Regressian

Character A B

SE Pacific (Chile)

Body depth 2.38  0.57 £ .120
Dorsal blade 1.56  0.05 = .018
Taw length 0.84 0.26 = .055
Jaw width -0.46  0.16 == .043
N=12
E Pacific ( California)
Body depth 0.94  0.61 = .107
Dorsal blade 1.53  0.04 == .013
Jaw length -0.15  0.29 = .058
JTaw width -1.02  0.16 = .031
N=15
Ceutral Pacific (10°N, 145°W)
Body depth 142 0.64 = .156
Dorsal blade 1.79  0.05 = .023
Jaw length 0.88 0.28 = .068
Jaw width -0.77  0.14 == .052
N=11

Eyes: Large, well developed, nontele-
scopic.

Gill rakers: Total seven to nine; well
developed, with rough spiny margins; an-
teriormost rakers reduced to spiny tooth-
like plates extending into mouth cavity.

Jaws and dentition: Jaws vertically
oriented, premaxilla small, heavily toothed;
maxilla heavily toothed and major upper
jaw bone in gape; lower jaw heavily
toothed, teeth small, sharp, triangulate;
palatine teeth present; first epibranchial
extended anteriorly and ventrally forming
toothed arms at dorsal, posterior end of
mouth.

Meristics: Vertebrae 25-31: C. 9+10; D.
S-11; A. 14-16.

Color: Bright silvery in life, dark pig-
ment especially evident on dorsal surface;
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30

Figure 50. Regression of body depth (BD) on standard length

silver quickly lost in formalin preservative;
sides can be very dark, often black.
Internal anatomy: Air bladder and gas
gland well developed and fills much of
the body cavity (see Marshall, 1960);
digestive system simple, consisting  of
heavily pigmented, single sectioned stom-
ach, capable of considerable distension,

60
S\

(SL) in A, sladeni (A) ond A. lychnus (B) off Colifornia.

five to seven pylorie caccae of which only
two to three are long and well developed,
relatively small liver and short, uncoiled,
thin-walled intestine. The gonads, when
mature, lie against the posterior wall of the
body cavity. This cavity is large, unlined
with pigment. and appears capable of some
expansion.

Key 10 THE SPECIES OF Sternoptyx

. Dorsal long, its length greater than 1.3 times height of dorsal spine; trunk long and

narrow, SL more than 3.0 times body depth at end of dorsal (see regression, body

depth, Table

15); body very dark, pigment forms broad band at baqe of candal rays

S. obscura (p. 69).

b. l)orsal shmt its lcngth less or equﬂ to he)L]]t of dorsal spine; tnml\ broad, SL less

than 2

.8 times body depth at end of dorsal (see regression, body depth,

Tables 16

and 17); body pigment less uniformly dark, pigment absent or in very narrow band

at base of caudal rays ..

)

Za.

Supra-anal photophore high, its hcight greater than one-half the distance from ventral

body margin to midline (often raised to midline); gill raker tooth plates with prominent

spines; secondary anal ptervgiophores long,

photophores

b. Supra-anal photophore low,
margin to midline; gill

(t.\tcnding posteriorly on same level as anal
S. pseudobscura (p. 72).

its ]m;ht ]csx thdu one-half distance from ventral body
raker tooth plates lacking prominent spines;

secondary anal

pterygiophores short; not extending posteriorly on same level as anal photophores ...

S. diaphana (p. 75).
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a. b.

Sternoptyx diaphana Schultz, 1961: 587 (in part);
1964: 241 (in part); Berry and Perkins, 1965:
625 (in part).

Sternoptyx obscura Garman
Figure 51

SIcrnoptyx o[)iz,'ura Carn}an, .1899:‘(1‘3 (lvctoty.pc Species distinction. Differs from both S.
USNM 177888; designation Schultz, 1961; - ‘ R

) o o o ) diaphana and S. pseudobscura in its shorter

tropical east Pacific; not seen: paralectotype . .

MCZ 28532 seen): Ledenfeld, 1905: 170 dorsal spine and longer dorsal fin; longer,

(light organs); Follett, 1952: -109. narrower trunk, slight extension of body

e
s =52

Figure 51. Sternoptyx obscuro; R/V ANTON BRUUN, Cruise 3; Station 215; SL 30 mm.
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margin in front of anal photophores, broad
pigment band on base of caudal rays, and
generally dark pigment: differs from S.
pseudobscura in its lower supra-anal photo-
phore, small teeth, low gill raker tooth
plates, and smaller month; from S. dia-
phana in its extension of the ventral body
margin at same level behind anal photo-
phores. Tables 18 and 19, and Figures 53,
56, and 61 illustrate the degree of differ-
ence between the three species in several
of the above characters. Note especially
the significant differences between sym-
patric populations.

Description. D. 10-11; A. 14-15; P. 10~
11; total gill rakers 7-9; vertebrae 29 (30).

Small species, seldom exceeds 40 mm
SL; trunk long and narrow, its length
usually longer than depth; dorsal fin long,
its length more than 1.3 times the length
of dorsal spine; abdominal length along
midline from supra-anal photophore to
caudal peduncle, less than or equal to hody
depth at end of dorsal; postabdominal and
anal ptervgiophore spines long; posterior
anal pterygiophores extend behind and at
same level with anal photophore group;
supra-anal photophore raised above anals
one half or less the distance to midline;
Lody margin extends slightly in front of
anal photophores before curving ventrally:
jaws medium; teeth small; gill raker tooth
plates consist of multiple low spiny ridges;
anterior dorsal surface of tongue between
branchial arches smooth; few-to-no raised
nodules: in preservative, pigment very dark
over whole of body; pigment extends in
broad band at base of caudal fin ravs.

Distribution. Ilorizontal distribution (Fig.
52): This species has not been recorded
from the Atlantic: it is concentrated north
of 10°S latitude in the Indian Ocean, al-
thoueh small catches occur as far as 40°S;
occurs in the castern Bay of Bengal, and
abundantly south of Java; occurs off the
Philippines and scattered but large catches
indicate in all probability a continuous
distribution across the equatorial Pacific:
occurs abundantly in the tropical east

TasrLe 15, REGRESSION STATISTICS FOR VARIOUS
POPULATIONS OF S. OBSCURA.

i Regression

Charaeter A B

Indian Occan (5°N, 60°E)

Body depth -0.35  0.31 = .051

Abdominal length -1.16  0.40 = .074
N =23

Indian Ocean (3°N, 67°E)

Body depth 0.45 0.29 + .133

Jaw length 2.41  0.09 = .067
N =10

Java (10°S, 114°E)

Body depth 098 0.27 %= .071

Abdominal length 0.68  0.31 == .090
N =25

Central Pacific (11°N, 163°E)

Body length -1.72  0.37 = .067

Abdominal length 0.12  0.37 = .074

Jaw length 0.85 0.14 = .028
N =20

Central Pacific (7°S, 135°\W)

Body depth -0.71  0.31 = .104

Abdominal length 071 035 =% .141

Jaw length 0.10  0.15 = .057
INf= 11|

Last Pacific (California)

Body depth -0.94 0.33 == .075

Abdominal length -1.23  0.42 = 091

Jaw length 1.85 0.12 = .034
N=15

Pacitic from California to the Chile-Peru
border.

Vertical  distribution:  Depth  data s
spotty and no depth rate plot was made,
however, data (Appendix B) indicates a
depth range of 650 m to at least 1000 m;
tropical Pacific maximum net depth figures
concur in general with this range.

Geographic variation. Analysis of catches
from many widely scattered arcas in the
Pacific and Indian Ocean gave no indi--
cation of population variation (Table 15,
Fig. 53). This, coupled with horizontal
distribution data, indicates a probable
single trans-Indo-Pacific population.
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Figure 53. Geagraphic variation in gill raker count in S.
obscura. A = E Indian Ocean; B = Central Indian
Ocean; — Tropical E Pacific; D = Banda Seq; E =
Central Trapical Pacific; = Marshall Islands; G =
Pacific (Califarnia); H = Indian Oceon—S of Bali. Num-

bers refer ta sample size.

Sternoptyx pseudobscura n. sp.
Figure 54

Iolotype MCZ 461400, 1° 20'S, 27° 37\, 227/
63; R,V CHAIN, Cruise 35; Station 977.

Sternoptyx diaphana: Brauer, 1906: 69 (in part);
Maul, 1949b (in part); Blache, 1964: 71
Backus et al., 1965: 139 (in part).

Species distinction. See S. obscura (p.
69), differs from S. diaphana by its Yarger
mouth (sce jaw length, Fig. 62), longer
teeth and gill raker tooth plate spines;
markedly higher supra-anal  photophore;
extension of long anal pterygiophores be-
hind and at same level with anal photo-
phores. Tables 18 and 19, and Figures 56,
61. and 62 illustrate the nature and degree
of difference between the two species.

Description. D. 10-11; A. 14-16: P. 10-

11; total gill rakers 7-9; vertebrae 29.

Bulletin Museum of Comparative Zoology, Vol. 142, No. 1

16. REGRESSION STATISTICS FOR VARIOUS
POPULATIONS OF S. PSEUDOBSCURA.

TaBLE

Regressian

Character A B

Gulf of Guinca

Jaw length 1.23  0.15 =+ 243

Photophore 043 0.19 %= .076
N=8

Caribbeau

Jaw length 1.70  0.15 = .045

Photophore 2.28  0.11 # .052
N=13

Florida (30°N, 76°\V)

Jaw length 1.85  0.16 = .080

Photophore 0.58 0.15 == .091

N=6
Indian Ocean (6°=35°S, 55°-65°E)

Jaw length 2.04  0.16 = .200

Photophore 221  0.17 % .098
N=6

Ceutral Pacific

Body depth -1.06  0.49 == .078

Abdominal length 021  0.32 = .066

Jaw length 1.63  0.15 = .061
N =13

Largest species in genus, often exceeds
55 mm SL; trunk broad, its depth greater
than length; dorsal spine long, its length
about equal to, or less than, length of dor-
sal fin; posterior anal pterygiophores long,
extend behind and at same level as anal
photophores; supra-anal photophore very
high, its height more than one-halt the
distance from ventral body margin to mid-
line (often raised to midline); no body
margin extension in front of anal photo-
phores; jaws large; teeth well developed
and recurved; gill raker tooth plates with
long spines; usually one much longer than
others; anterior dorsal surface of tongue
with small nodules; postabdominal and
anal pterygiophore spines long; in preserv-

ative, pigment dark over most of body

except Hghter in trunk region; if present,
pigment band very marrow at base of
caudal rays.
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Figure 54.

Holotype: measurements (mm), SL 43.1,
BD 15.0, JL 07.4, CP 04.6, Ab. length 14.0;
meristics: GR 7, D 9, A 15, anal photo-
phores 3; name derivation: pscudobscura
refers to this species™ close resemblance to
S. obscura.

Distribution. Horizontal distribution (Fig.
52): The limited distributions scen here
may be artifacts resulting from the vertical
distribution of this species; widely scattered
but moderate-to-high catch numibers are
additional indications of sampling prob-
lems. This species occurs in the South
Atlantic off Brazil, and in the Gulf of

Baird 73

MARINE HATCHETFISHES -

Sternoptyx pseudobscura; R/V CHAIN, Cruise 60; Station 1310; 22 mm.

Guinca off Africa with widely scattered
occurrences in the tropical Atlantic; it is
abundant in the northern Gulf of Mexico
and the straits of Florida: scattered catches
indicate its presence in the southern Carib-
bean; it has not been reported from the
western North Atlantic, but occurs in num-
bers off the northwest coast of Africa and
near the Azores; small catches indicate its
presence in the southwestern Indian Ocean
from 5°S to 40°S latitude; isolated small-
to-moderate catches south of Java, near the
Marshall Islands. in the North Pacific, off
California, and in the southeast Pacific



indicate a broad range in the Pacific which
future colleeting should better define.

Vertical  distribution  (Fig. 55): The
deepest living species in the genus; data
indicate a depth distribution from 500 m
to 1500 m; greatest concentrations recorded
occur between SO0 m and 1500 m; overall
small rates of capture plus relatively few
deep stations may be indicative of a depth
preference  below 1000 m; no  diurnal
movement is indicated.
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Figure 55. Diurnal vertical distribution of S. pseudabscura determined by rate of capture with depth during day (D) anc
night (N). A = Gulf of Guinea; B = NE Atlantic; C = Gulf of Mexico and Caribbean.

Geographic variation. Small sample sizes,
fexww characters, and the few populations
represented  precluded a detailed  exami-
nation of variability in this species. No
differences were noted in the Atlantic
populations, or in gill raker counts, or jaw
length among all populations (Table 16,
Fig. 56).
could be distinguished from the Atlantic
ones by the supra-anal photophore mea-
surement (Fig. 57).

The Indian Ocean population’
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igure 56. Geographic variation in gill raker count in
). pseudabscura. A = Caribbean; 8 = N Central Pacific;
Z = Indian Ocean; D = Marshall Islonds. Numbers refer

o sample size.

Sternoptyx diaphana Hermann
Figure 58

sternoptyx  diaphane  llermann, 1781: 33. 1In
accordance with article 75a(i) Int. Code Zool.
Nomen., a neotype is hereby designated: Neo-
type MCZ 46402; 11° 06'N, 78° 21'W; §/7/66;
R/V ANTON BRUUN, Cruise 19; Station 813.
Cuvier and Valenciennes, 1849: 415; Giinther,
1864: 387; Goode and Bean, 1896: 127; Al-
cock, 1896: 331; Gilbert, 1905: 601; Brauer,
1906: 69 (in part); 1908: 175 (eye muscles);
Holt and Byrne, 1913: 20; Weber and DeBeau-
fort, 1913: 1; Jespersen, 1915: 12; Jespersen

MARINE HATCHETFISIIES Baird
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and Tining, 1919: 220 (eye); Borodin, 1931:
68; Jespersen, 1934: 15; Roxas, 1934: 287,
Buen, 1935: 52; Fowler, 1936: 1208: Beebe,
1937: 22; Parr, 1937: 49; Norman, 1937: 82;
1939: 19; Nybelin, 1948: 25; Maul, 1949a: 17;
1949b: 13 (in part); Wilimovsky, 1951; Misra,
1952: 367; Koumans, 1953: 186; Mead and
Taylor, 1953: 570; Smith, 1953: 102; Haig,
1955: 321; Rass, 1955: 328; Grey, 1959: 326;

Koefoed, 1961: 11; Schultz, 1961: 617 (in
part); 1964: 241 (in part); Backus et al,

1965: 139 (in part); Berry and Perkins, 1965:
682 (in part); Bussing, 1965: 185; Haedrich
and Nielsen, 1966: 909; Bright and Paquegnat,
1969: 34.

Species distinction. See S. obscura (p.
69) and S. pseudobscura (p. 72).

Description. D. 9-11; A. 14-16; P. 10—
11; total gill rakers 7-8 (9); vertebrac 29
(30).

Medium size species, seldom exceeds 55
mm SL; trunk very broad; its depth usually
greater than its length; dorsal spine long,
its length greater or equal to dorsal fin
length; posterior anal ptervgiophores short,
little extension behind and on same level
with anal photophores; supra-anal photo-
phore low, not reaching more than one-half
the distance from ventral body margin to
midline, no body margin extension in front
of anal photophores; jaws medium to small;
teeth short and low; gill raker tooth plates
with low spinate ridges; anterior dorsal

104 °
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igure 57.  Geographic variatian in distance fram dorsal bady margin of supra-anal phatophore (PO) with standard length

SL) in S. pseudobscura. A = Indion Ocean; B —Gulf of Guinea; C = Gulf of Mexico and Caribbean.
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Figure 58.

surface of tongue with small nodules; post-
abdominal and anal pterygiophore spines
usually shorter than others in genus; in
preservative pigment dark dorsally, often
light and dispersed in trunk region, usually
little pigment present at base of caudal
rays.

Neotype: measurements (mm): SI, 28.4,
BD 12.1, JL. 05.3, CP 03.5, Ab. length 09.0;
meristics: GR 7, D 10, A 15, anal photo-
phores 3.

Distribution. Horizontal distribution (Fig.
59): Broadly distributed in the Atlantic,
caught in moderate numbers in the South
Atlantic off Brazil and from 20"\ to the
African coast at about 35°S; abundantly

Sternaptyx diaphana; GALATHEA; Station 494; 33 mm.

present in the Gulf of Guinca and the
tropical Atlantic: taken abundantly in the
southern Caribbean, the Gulf of Nexico,
and straits of Florida; takeit in the western
North Atlantic; a large population occurs
in the northeastern Atlantic from 25°N to:
45°N latitude. In the western Indian Ocean
small to moderate catches extend from 5°S
to 35°S latitude, a single catch has been
observed from the ecastern Indian Ocean;
numerous catches indicate this  species
present south of Java, near Borneo, and in
the Banda Sea: known also between New'
Guinea and the Solomon Islands, it ocenrs
in the western Pacific near the Philippines
and along the coast of Japan, with a small
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Figure 60. Diurnal vertical distribution of S. diaphana determined by rate of capture with depth during day (D) an
night (N). A = Southern Ocean; B = Gulf of Guinea; C = Gulf of Mexico and Caribbean; D = NE Atlontic.

sample taken in the North Pacific; this
species occurs in small numbers off lower
California and has been reported abun-
dantly southeast of IMawaii; a large popu-
lation extends across the South Pacific
from Chile to about 160°E longitude.
Vertical distribution (Fig. 60): Distrib-

uted between 400 m and 1200 m; major

concentrations occur between 700 m and
900 m; no diurmal movement or marked

geographical depth variation could be de
tected.

Geographic variation. With the excep
tion of the Pacific southern ocean popu
lation, little geographic variation could b
deteeted; characters were few and samply
sizes small, however (Table 17, Fig. 61):
The Southern Ocean population is quil
distinct and certainly represents an in
stance of incipient speciation. Tables 1



'ABLE 17. REGRESSION STATISTICS FOR VARIOUS
POPULATIONS OF S. DIAPHANA,

Regression
Character A B
laribbean
aw length -0.24  0.18 = .066
hotophore -2.04  0.37 = .101
N=11
wwa (10°S, 114°F)
ody depth -2.93  0.54 = .107
bdominal length 0.78  0.31 == .056
N =22

ndian Occan (5°-40°S, 55°-65°E)

ody depth 0.10  0.51 = .095
Dbdominal length 1.18  0.31 =+ .093
hotophore 0.20  0.29 = .085
w length 1.00  0.15 =+ .088
N=12
onthern Ocean
ody depth -077 042 = .044
bdominal length 1.18  0.31 = 093
w length 147  0.16 = .041
hotopliore 223  0.11 #.033
N =40
outhern Ocean (Chile)
ody depth -1.50 041 = .113
w length 146  0.14 = .037
N =11

nd 18 indicate the degree of difference
ctween this population and others in the
pecies. In body depth it falls somewhat
etween most populations of S. diaphana
nd S. obscura (Table 19). Phenotypically
- has supra-anal photophore characteristics

'ABLE  18.
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resembling some populations of S. psend-
obscura. In most characters it falls closest
to other populations of S. diaphana, espe-
cially in mouth and gill raker character-
istics. Considering the lack of sympatry with
other forms and the degree of distinctness
between the species, it is presently con-
sidered to represent a distinct form of S.
diaphana.

Genus Polyipnus Ginther, 1887

Polyipnus Giinther, 1887: 170 (type species:
Polyipnus spinosus Giinther, 1887, by mono-
typy).

Diagnosis. Ten abdominal, three supra-
abdominal, and a lateral photophore; post-
temporal spine(s) well developed; a fused
double dorsal pterygiophore forms short
spines anterior to dorsal fin rays; cleithrum
projects below pectoral fin forming fanlike,
spine-bearing extension posteriorly; otoliths
very large with characteristic armlike cx-
tension (sec Kotthaus, 1967); three to four
hypural clements in upper candal Tobe;
lower jaw mnoticeably expanded dorsally.

Description. Photophores: PO 1; PTO 1;
BR 6; I 6; PRO 1; SO 1; SP 3; SAB 3; AB
10;: 1. 1; PAN 5; AN 6-14; SC 4.

Spines: Post-temporal extends posteriorly
to form from one to three prominent
spimes; preopercle spined, the lateral sur-
face often bearing spiny elements; retro-
articular spined; ventral surface of lower
jaw often serrate; cleithrum bears pre-
abdominal spine; bony keel scales often
bear spines ventrally; four postabdominal

SLOPE COMPARISONS BETWEEN REGRESSIONS OF SEVERAL CIHARACTERS IN SPECIES OF
STERNOPTYX. D = S. p1APHANA; O = S. OBSCURA; P = S. PSEUDOBSCURA.

Character Populath:;_i Population 2 777 T P

Jody depth Java D Java O 2.780 001

Central Pacific P Central Pacific O 2.362 .025

Java D Southern Occan D 2.611 010

\bdominal length Java D Southern Ocean D 2.381 .023

hotophore Caribbean P Caribbean D 4.977 .001

Culf of Guinea I Caribbean D 3.240 .005

Florida P 018

Caribbean D 2.767
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Figure 61. Geographic variation in gill roker count in S.
A = Caribbean; C =

Southern Ocean; D = Pacific (Chile); E = Indian Oceon—

diaphano. B = Indian Ocean;

S of Bali; F = Java Sea. Numbers refer ta sample size.

spines; first anal pterygiophore may extend
ventrally to form small spines.

lives: Large, well developed, nontele-
scopic, essentially laterally oriented.

Cill rakers: Number 10-28; well de-
veloped, long, often quite close together;
first branchial arch considerably larger

Bulletin Musewm of Comparative Zoology, Vol. 142, No. 1

than succeeding arches; the inner surfaces
of seconnd and third cerato- and epi-
branchials bear tooth plates.

Jaws and  dentition:  Mouth  small
and vertically oriented; premaxilla long,
toothed, and major upper jaw bone in
gape; arm of first supramaxilla clongate;
dorsal margin of lower jaw greatly ex-
panded which, with broadening in the
meso-and metapteryoid, make the mouth
cavity a long conclike basket with a sub-
stantial distance between the mouth en-
trance and the beginning of the branchial
arches; the maxilla is toothed, but essen-
tially excluded from gape; teeth small to
minute, no canines, vomer and palatines
bear teeth.

Meristics:  Vertebrae 31-36; C.
D. 10-17; A. 13-19.

Color: Bright silvery in life; dark dorsal
pigment band often extends ventrally and
may reach lateral midline; dark pigment
may form lateral striated bands on pos-
terior trunk.

Internal anatomy:
associated gland well
quite large, with grainy appearance; blad-
der thick walled, and often heavily in-
vested with fatty tissue (see Marshall,
1960); digestive system simple with  bi-
partate stomach, anterior section thick
walled, the lining often raised into heavy

9+10;

Swim bladder and
developed,  gland

TaBLe 19. COMPARISONS BETWEEN MEAN SLOPES OF SEVERAL CHARACTERS AMONG THE SPECIES OF

STERNOPTYX. S.O. = SOUTHERN OCEAN POPULATIONS OF S. DIAPHANA; Popr. # — NUMBER OF POPULA-

TIONS; X SLOPE = UNWEIGHTED MEAN SLOPE; TOTAL # — TOTAL NUMBER OF FISH MEASURED OVER ALL
POPULATIONS.

Species Character Pop. # x Slope Range Tatal #
S. obscura body depth 6 0.32 0.27-0.37 104
S. diaphana body depth 2 0.525 0.51-0.51 34
S. diaphana (S.0.) body depth 2 0.415 0.41-0.42 51
S. pseudobscura body depth 1 0.49 0.49 113
S. diaphana photophore 4 0.31 0.29-0.37 35
S. diaphana (S.0.) photophore 1 0.11 0.11 40
S. pseudobscura photophore 1 0.15 0.11-0.18 330
S. obscura jaw length 4 0.13 0.09-0.15 56
S. diaphana jaw length 5 0.196 0.15-0.23 41
S. diaphana (S.0.) jaw length 2 0.15 0.14-0.16 51
S. pseudobscura jaw length B 0.15 0.15-0.16 46
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Figure 62. Regressian af lower jaw length (JL) an standard length (SL) in S. diaphana (A) and S._pseudobscura (B} fram

the Tropical Atlantic.

ridged folds; the posterior section thin
walled and extensible, six to ten pyloric
caecae, short straight intestine, and a rel-
atively large well-developed liver. Gonads,
when mature, lie horizontally and laterally
in the body cavity; cavity lined with pig-
mented membrane; nephritic tissue is not
as well developed as in other genera. -
Species complexes: As with Argyropele-
cus, there has been considerable radiation
within the genus. There are three distinet
species complexces, two closely related. The
third complex, P. spinosus, is quite distinct.
The latter appears more primitive in terms
of axial and caudal skeleton characteristics.
The P. spinosus complex differs from the
other two groups as follows: greater de-
velopment of the post-temporal spine
complex; otoliths (Weitzman, personal con-
versation ); four hypural clements in the
upper caudal lobe; serrate lower jaw mar-

gin; spine-bearing abdominal keel plates;
the second and third preterminal neural
spines wedge shaped; extension of the
cleithrum below  the pectoral relatively
more broadened; and the anal pterygio-
phore gap is reduced.

Within the P. spinosus complex there is a
further dichotomy. P. nuttingi, P. oluolus,
and P. indicus with peculiar reductions in
post-temporal spine characteristics, form
one group; P. spinosus, P. sterope, and P.
tridentifer with a well-developed, post-
temporal complex, form the other.

The P. asteroides and P. laternatus spe-
cies complexes are more closely related.
They differ primarily in post-temporal
spine characteristics, body shape and size.
photophore number and pattern, and den-
tition. Both complexes have similar otoliths
and resemble each other osteologically.

The species P. laternatus—P. omplius
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and P. unispinus—P. aquavitus form a
dichotomy within the P. laternatus complex,
The differences include preopercle spine
length, body shape, photophore pattern,
and some meristic differences (gill rakers,
vertebral number).

P. asteroides—P. polli—P. triplhanos and
P. matsubarai—P. meteori—P. kiwiensis—P.

Bulletin Museum of Comparative Zoology, Vol. 142,

No. 1

rugeeri form a similar dichotomy within the
P. asteroides complex. The latter group
is characterized by an extremely long,
narrow, posterior vomerine shaft, closely
allied and fitting into the parasphenoid.
This shaft bears teeth anteriorly, in addi-
tion to the normal lateral vomerine teeth.
Other minor differences are also present.

Key 1o 1ue Svecies or Polyipnus

. Post-temporal spine complex, bearing one or two basal supplementary spines; dorso-lateral

edge of fused, post-temporal-supracleithrum servate; abdominal keel scales with spiny
ventral surfaces; supra-anal photophore group usually not distinetly separated from anal
group P. spinosus complex

. Post-temporal spine bllllplt‘ l)e'mn;, no bqsal spines; lateral edge of post-temporal-supra-

cleithrum smooth; keel scales with smooth ventral surfaces (except P. unispinus); supra-
anal photophores separate, usually raised well above anal group . .

o

QA yyrosné e

a. b.

2a. Post-temporal spine long, its length greater than one-fourth the diamcter of orbit; anal

photophore number 10 to 13 (adults only); body long and narrow, SL greater than 1.7
times body depth; first supra-anal photophore even with or raised above the second
(except P. laternatus in which the first is slightly lower th'm the second)
. laternatus complex

. Post- tmnp()rdl spine sh()lt its length less tlmn one- fmnth the diameter of orbit; anal

photophore number 7 to 9 (occasionally 10); body more robust, SL less than 1.9 times
body depth; first supra-anal photophore markedly lower than second
P. asteroides complex
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Post-temporal spine with two distinct basal spines; anal-subcaudal photophore distance
less than one-third the length of the subcaudal group; anal photophorc number 10 to
U e L . -~ 4

. Post-temporal spine with a single dlstmct basal spine (t]us rcducul in I’ olnulus), ana]-

subcaudal distance greater than one-half of the length of the subcaudal group; anal
photophore number 6 to 9 — - N .6

a. b.

. Anal photophore number 10; SL less than 3.6 times body depth at end of dorsal fin;

caudal peduncle broad, head length less than 2.8 times narrowest peduncle depth 5

. Anal photophore number 12 to 13; SL. greater than four times body depth at end of

dorsal; caudal peduncle narrow, head lcngth greater than threc times narrowest
pcduud. depth . S . P. tridentifer (p. 86).

. Post-temporal basal spines well dev clop«,d wntmlmost basal spine length greater than
one-half length of post-temporal spine; gill raker number 24-28 P, sterope (p. 88).

. Post-temporal basal spines short, ventralmost basal spine less than one-fourth post-

temporal spine length; total gill raker number 18 to 21 . P. spinosns (p. 89).

7 7

b.

Abdominal keel scales triangulate, with one or two large ventral spines; post-temporal
spine long, heavily spinose dorsally and laterally; first supra-anal photophore markedly
lower than third; anal photophores 6 to 7 - . _ P. oluolus (p. 90).

. Abdominal keel scales rectangular, with many sma]] ventral spines; post-temporal

spine long and smooth or short and spinose dorsally only; first supra-anal photophore
about even with or raised above third; anal photophores 8 to 9

-1

a. b.

. Ventral margin of subcaudal photophores with spines (adults); anal-subcaudal photo-

phore distance less than three-fourths length of subcaudal group; first supra-anal
photophore higher than the last; post-temporal spine long, greater than one-half
diameter of orbit - . P.indieus (p. 91).

. Ventral margin of subcau(la] phot()plums smooth anal-subcaudal distance greater

than three-fourths length of subcaudal group; first supra-anul photophore lower than
last; post-temporal spine short, less than one-half diameter of orbit P. nuttingi (p. 92).
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8a. Gill rakers 18 to 21; supra-anal photophores distinctly raised above the anal group;
preopercle spine short, somewhat triangulate .. 9

b. Gill rakers 12 to 14; supra-anal photophores not markedly raised above anal group;
preopercle spine long and slender . 1O

A Apﬁf\‘leﬁq

e

4

a. b.

9a. Subcaudal photophores compact, length of subcaudal group less than narrowest caudal
peduncle depth; distance from top of last supra-anal photophore to top of first anal
arcater than three-fourths length of preanal group P, laternatus (p. 92).

b. Subcaudal photophores somewhat spread; length of subcaudal group equal or greater
than narrowest peduncle depth; distance from top of last supra-anal photophore to
top of first anal less than one-half preanal length — ~ P.omphus (p. 94).

- A

a. b.

H
1
~—

10a. Posterior lateral margin of preopercle smooth; ventral keel scales smooth; dorsal
spine short, length less than one-fourth diameter of orbit . P. aquavitus (p. 96).

b. Posterior lateral margin of preopercle serrate; ventral edge of keel scales with small

spinelets; dorsal spine long, length greater than one-half diameter of orbit -
2 3 S . S g S ~ P. uuispinus (p. 97).

11a. Teeth absent on posterior vomerine shaft; second supra-anal photophore even with or

raised above third; supra-abdominal photophores nonsymmetrical, first photophore ‘

raised well above other two = . e e S e SN 12

. Teeth present on posterior vomerine shaft; second supra-anal photophore lower than
third; supra-abdominal photophores symmetrical, first not markedly raised above
third S — o 14
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12a. Gill rakers 16 to 18; dorsal rays 11 to 12; lower margin of dark dorsal pigment markedly
raised above supra-anal photophores oo Poowriphanos (p. 97).

b. Gill rakers 20 to 24; dorsal rays 14 to 16; ln\\u margin ()f dark dorsal pigment straight
from dorsal spine to caudal peduncle e

13

13a. Anal pterygiophores form circular margin below anal photophores; anal photophores
number 7 to 8: SL less than 3.5 times body depth at end of dorsal P. polli (p. 98).

b. Anal pterygiophore margin essentially straight: anal photophore number 9 (rarely
10); SL greater than 3.7 times body depth at end of dorsal . P. asteroides (p. 99).
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14a. Gill rakers

22 to 24; dark pigment bar extending to midline very narrow, its width

less than greatest width of lateral photophore (see illustration p. 101)

e (p. 101).

b. ('111 rql\ers 13 to 18; dar]\ pxgmcnt ]mr 'll)sent or mudl wider than width of lateral

Dark pigment bar greatly reduced or a])sent supra- qhdommal photoph(n(s oss(ntmll)
~ P. ruggeri (p. 102).

supra-abdominal photophores  tri-
angulate, the second markedly lower than the other two; gill rakers 13 to 17 .16

photophore -
15a.
in straight line (see illustration p. 102): gill rakers 18
b. Dark pigment bar present, extending to midline;
16a. Gill rakers 13 to 15; light stripe behind dark pigment bar extends to mid-dorsal line;

ventral border of dark dorsal pigment markedly raised above supra-anal photophores
(taken from photo and description, Kotthaus, 1967) P. meteori (p. 104).

. Gill rakers 16 to 17; light stripe behind dark pigment bar not extending to mid-dorsal

line; ventral border of dark dorsal pigment not markedly raised above supra-anal

photophores (see illustration p. 103) .

Polyipnus tridentifer McCulloch
Figure 64

Polyipnus tridentifer NMcCulloch, 1914: 78 (lecto-
type AN E3543; designation Schultz, 1961;
Australian Bight; not seen); Schultz, 1961: 619;
1964: 247.

Polyipnus spinosus: Weber and DeBeaufort, 1913:
1; Matsubara, 1950: 192; Okada and Suzuki,
1956: 297; Suzuki, 1964: 1.

Polyipnus  frazeri Fowler, 1933: 257;
1961: 620.

Schultz,

Species  distinction.  Differs  from P.
spinosus and P. sterope in its long, narrow
trunk and caudal pedunele; long, smooth
post-temporal spine; more sharply angled
dorsal spine; multispinose subcaudal scales;
less spinose abdominal keel scales; differs
from P. spinosus by its much longer third
basal post-temporal spiue.

P. kiwicusis (p. 103).

Description. D. 13-14; A. 15-17; P. (12)
13-14; total gill rakers (20) 21-24; verte-
brae 33-34.

Medium size species, not often exceed-
ing 60 mm SL; trunk tapering into long,
narrow, caudal peduncle; its depth less or
equal to length of subcaudal photophore
group; post-temporal spine long, its length
more than one-half the distance from its
base to point of dorsal spine; second hasal
post-temporal spine long; dorsal surface of
post-temporal spine relatively smooth, lack-
ing marked serrations; supra-abdominal
photophores arranged in steplike fashion,
cach raised an approximate equal distance.,
above the next; abdominal keel scales
spinose, although spines very short; scales
below subeaudal photophores with several
prominent spines;  preopercle  spine  di-
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Figure 64. Polyipnus tridentifer; after Matsubara, 1950.

rected, at its Dbase, posteriorly, curving
distally to point ventrally or slightly an-
teriorly: jaws medium; teeth minute; gill
rakers long; pigment in preservative dark
dorsally with narrow, dark bar extending
toward midline; pigment diffuse on trunk.

Distribution (Fig. 63). Restricted to the
western Pacitie, taken abundantly around
the Philippines, off the south China coast.
off Japan, in waters north of the Strait of
Malacca, and in the Great Australian Bight.

Polyipnus sterope Jordan and Starks
Figure 65

Polyipnus sterope Jordan and Starks, 1904: 581
(holotype USNM 51451; Sagami Bay, Japan:
seen); Matsubara, 1941: 2; Haneda, 1952: 12
(light organs); Okada and Suzuki, 1956: 297;
Suzuki, 1964: 1 (X-ray).

Polyipuus spinosus: Kamohara, 1952: 17.

Polyipuus spinosus sterope Schultz, 1961: 621,
1964: 247.

Species distinction.  See P. tridentifes

Figure 65.

Polyipnus sterape; medified from Jordan and Starks, 1904,
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figure 66. Polyipnus spinosus; modified from Ginther, 1887.

‘p. 86): differs from P. spinosus in its
onger basal post-temporal spines; shorter
reopercle spine; more raised first supra-
tbdominal photophore, somewhat shorter
sost-temporal spine in relation to its base-
o-dorsal spine length, and higher gill
aker count.

Description. D. 13-14; A, 15-17; P. 13-
15; total gill rakers (23) 24-28; vertebrae
33-34.

Medium to large species, seldom ex-
ecding 70 mm SL; trunk broadly tapering;
audal peduncle broad, its depth more
han length of subcaudal photophore group;
yost-temporal spine spinose  dorsally, its
ength substantially less than one-half dis-
ance from its base to point of dorsal spine;
hird basal post-temporal spine long, sec-
md basal spine prominent; dorsal spine
iigh, with flangelike anterior portion not
ising sharply from dorsal surface; supra-
ibdominal photophores positioned in a
step-wise arrangement, with first photo-
shore raised above other two; abdominal
ceel scales very spinose, including those
ventral to preanal photophores; subcaudal
scales either smooth or with sinele short
spine; jaws medium; gill rakers long; pre-
opercle spine  curves  slightly anteriorly:
pigment in preservative dark dorsally with
very narrow bar extending toward midline:
pigment diffuse on trunk.

Distribution (Fig. 63). Known only
from the waters around Japan, where it
has been taken less abundantly than P.
tridentifer.

Polyipnus spinosus Ginther
Figure 66

Polyipnus spinosus Giinther, 18587: 170 (holotype
BMNH, East Indies; not seen); Alcock, 1896:
331; 1899: 135; Brauer, 1906: 69 (larvae, fig.)
(in “part); 1908: 175 (eye muscles); Roxas,
1934: 287; Misra, 1952: 367; Koumans, 1953:
186 (?); Samuel, 1963: 101 (?).

Polyipnus spinosus spinosus Schultz, 1961: 624,
1964: 247.

Species distinction. See P. tridentifer (p.
86) and P. sterope (p. 8S).

Description. D. 13-14; A. 15-17; P. 13-
15; total gill rakers 18-21; vertebrae 33-34.

Medium to small species, seldom exceed-
ing 70 mm SL; trunk and caudal peduncle
broad, its depth greater than or equal to
length of subcaudal photophore group;
post-temporal spine spinose dorsally, its
basal spines reduced; post-temporal spine
nearly equal to one-half the distance from
its base to dorsal spine; dorsal spine similar
to P. sterope: supra-abdominal photophore
positioned with first photophore only
slightly raised above other two; first two
supra-anal photophores slightly raised from
third; preopercle spine long, curving an-
teriorly; abdominal and preanal kecl scales
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Figure 67.

spinose; subcaudal scales with no spines
to a single small spine; jaws medium; gill
rakers long; pigment in preservative dark
dorsally, with narrow dark bar extending
toward midline; pigment less dark above
anal photophores.

Distribution (Fig. 63). Taken in num-
bers oft the Philippines and off the south
China  coast; reported  from  peninsular
India, although these reports may repre-
sent P. tridentifer.

Polyipnus oluolus n. sp.

Figure 67

Holotype BCFIT 2562; 11° 18N, 162°
06’E; 12/9/56; R/V HUGH M. SMITH,
cruise 37; Station 43.

Species distinction. Differs from P. indi-
cus and P. nuttingi in its much broader
body; post-temporal spine characteristies:
triangular abdominal keel scales; supra-
anal, supra-abdominal, and  subcandal

Polyipnus oluolus; R/V HUGH M. SMITH, Cruise 37; Station 43; SL 33 mm.

photophore  characteristics; and  posterior
extension of dorsal fin rays to end of anal
photophores.

Description. D. 14; A. 15; P.
gill rakers 19; vertebrae 33.

Known only from holotype, 33 mm SL;
body very Dbroad, narrowing abruptly to
short narrow caudal peduncle; body depth
1.3 times into SL; post-temporal spine
length more than one-half diameter of
orbit, extends to origin of dorsal spine,
very spinose dorsally and laterally; frontal
ridges almost vertical, spinose; postabdomi-
nal spines well developed; abdominal keel
scales extend well beyond ventral bhody
margin; these scales sharply triangulate,
coming to a single or double point ven-
trally: subcaudal scales smooth; first supra-
abdominal photophore raised considerably
above other two; subcaudal photophores
raised well above anals; first supra-anal |
photophore noticeably lower than second

13; total



“igure 68.

Polyipnus indicus; after Schultz, 1961.

which is lower than third; anal photophores
in two distinct groups; jaws large; tecth
small, several recurved ones in upper jaw:
vomerine teeth well developed; gill rakers
medium, spinose; in preservative pigment
somewhat darker dorsally; pigment stri-
ations present on trunk.

Holotype: measurements (min): SLL 32.9,
BD 257, JI. 08.3, CP 03.9; meristics: GRR
19, D 14, A 15, anal photophores 7; name:
from the IHawaiian “oluolu,” which means
happy. :

Distribution (Fig. 63). Known only from
a single capture near the Marshall Tslands.

Polyipnus indicus Schultz
Figure 68
Polyipuus indicus Schultz, 1961: 615 (holotype
BMNH; off Zanzibar; not seen; paratype USNNI
179897; seen); 1964: 241,
Polyipnus nuttingi: Norman, 1939: 20.
Species distinction. See P. oluolus (p.
90); differs from P. nuttingi by its longer,
sharper post-temporal spines, less extended
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abdominal keel scales, less spinose ventral
border of lower jaw, photophore character-
istics, presence of spiny subcaudal keel
scales, generally lower gill raker number,
and shorter post-temporal base-to-dorsal
spine length compared to post-temporal
spine length.

Description. D. 13-14; A. 15-16 (17); P.
(12) 13-14; total gill rakers 20-21 (22);
vertebrae 33-34.

Largest specimen less than 55 mm Sl
trunk tapering to long caudal peduncle;
post-temporal spine long, thin, its length
greater than one-half the diameter of orbit;
basal post-temporal spine short; preopercle
spine long, curving anteriorly: frontal
ridges minutely spinose; abdominal keel
scales do not extend much below ventral
body margin, these scales with multiple
spines; subcaudal scales  spinose;  supra-
abdominal photophores in  steplike  ar-
rangement with first photophore raised
substantially above second; supra-anal
photophores not well separated from anals:

jaws  large: teeth minute; underside of
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Figure 69. Polyipnus nuttingi; modified from Gilbert, 1905.

lower jaw smooth to slightly spinosc; gill
rakers short to medium with rough spinose
internal surfaces; pigment in preservative
dark dorsally and dark above anal photo-
phores, dark pigment bar extends to mid-
line; pigment in myomerclike striations on
trunk, with definite pigment spots along
posterior midline.

Distribution (Fig. 63). Known from
three localities in the Indian Occan along
the cast African coast from the equator to
30°S: reports of P. spinosus from this arca
may represent P.oindicus.

Polyipnus nuttingi Gilbert
Figure 69

Polyipnns nuttingi Gilbert, 1905: 609 (holotype
USNM 51599; Hawaii; scen); Fowler, 1949;
12; Haig, 1955: 321; Schultz, 1961: 640; 1964:
2417.

Species distinction.  Sce P. oluolus (p.
90) and P. indicus (p. 91).

Description. D. (12) 13-14; A. 15-16; P.
13-14; total gill rakers (21) 22-24; verte-
brac 33-34.

Largest specimen less than 65 mm SL:
body broad, tapering to long narrow caudal
peduncle;  post-temporal spine stout. rel-
atively short (less than one-half eye diam-
eter). slightly  spinose  dorsally; frontal
ridges more vertically oriented than P.

indicus and minutely spinose; preopercle
spine short, curving anteriorly; abdominal
keel scales with multiple spines; these
scales extend well below ventral body
margin; post-temporal spine  length  less
than one-half the distance from its basc
to point of dorsal blade; subcaudal scales
smooth; supra-abdominal photophores ar:
ranged in a straight line, steplike arrange
ment; the three supra-anal photophore:
separated slightly but definitely from ana
photophore group: jaws large; tecth mi
nute; undersurface of lower jaw markedly
spinose; gill rakers long, spinose on interna
surface; dorsal spine high; pigment i
preservative similar to P. indicus, althougk
dorsal pigment bar is longer and broader

Distribution (Fig. 63). Known only fron
the IHawaiian Islands where it appears tc
be an endemic.

Polyipnus laternatus Garman
Figure 70

Polyipnus laternatus Garman, 1899: 238 (holo
type MCZ 27915; off Barbados; scen); Parr
1937: 49; Schultz, 1961: 639; 1964: 211.

Polyipnus spinosus: Brauer, 1906: 121 (in part)
Goode and Bean, 1896: 127; Rivero, 1936: 5(
(?).

Species distinction. Both P. laternatu:
and P. omplius differ from P. aquavitus anc
P. uuispinus by their higher meristic
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Figure 71.

counts; shorter  preopercle  and  dorsal
spines: broader body, photophore and pig-
ment characteristics.  P. laternatus ditfers
from P. omphus in its broader caudal
peduncle; shorter, more compact subcaudal
photophores, supra-anal and supra-abdom-
inal photophore  characteristics,  slightly
shorter preopercle spine, and  relatively
larger eye.

Description. D. 13-14 (15); A. (15)
16-17; P. 13-14; gill rakers (18) 19-22;

vertebrae 32-33 (34).

Small to medium size species, rarcely ex-
ceeding 535 mm SL; body relatively long
and narrow, tapering into broad caudal
peduncle, its width greater than width of
subcaudal photophores; eve large, orbital
diameter usually less than six times into
SL: post-temporal spine long, thin, its total
length variable (usually about one-half
the diameter of orhit); dorsal spine short;
preopercle spine short, broad, triangulate:
abdominal keel scales smooth, not ex-
tended far bevond body margin; subcaudal
photophores closely allied, little space be-
tween cach photophore; supra-anal photo-
phores raised well above anals, with first
supra-anal slightly lower than sccond; first
supra-abdominal photophore raised well
above other two; second supra-abdominal
even with or lower than third; jaws
medium to small: teeth minute; vomerine

Polyipnus omphus; R/V DISCOVERY; Stotion 5509; SL 43 mm.

and palatine teeth small but prominent;
gill rakers long, spinose on inner surface;
pigment in preservative dark dorsally, dark
pigment bar usually does not reach mid-
line; prominent, dark spots along trunk
midline; myomerelike pigment  striations
dorsally and vertically from midline.

Distribution (Fig. 63). Restricted to the
western Atlantie; abundant in the Carib-
bean off Venezuela and the central Amer-
ican coast, in the lesser Antilles, off Puerto
Rico, Cuba, and in the straits of Florida;
not reported from the Gulf of Mexico or
the cast coast of North America.

Polyipnus omphus n. sp.
Figure 71

Holotype BMNIL: 11° 21'S, 18° 58'E; 8/21/64.
R,V DISCOVERY; Station 5309.

Polyipnus laternatus: Kobayashi, 1963: 179; Kott:
haus, 1967: 22 (otoliths, photo.).

Species distinction. Sce P. laternatus (p.
92). Both P. laternatus and P. omphus
differ from P. aquavitus and P. unispinus
by their higher meristic counts; shortet
preopercle and dorsal spines; broader hody.
photopore and pigment characteristics. P,
laternatus differs from P. omphus in it
broader caudal peduncle; shorter, morc
compact subcaudal photophores;  supra:
anal and  supra-abdominal  photophore



MariNE HatcueTFISHES *© Baird 95

Figure 72. Polyipnus aquavitus; R/V GALATHEA; Station 551; SL 32 mm.
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Figure 73.

Palyipnus unispinus; after Schultz, 1938.

characteristics; slightly shorter preoperele
spine; and relatively larger eye. The single
specimen from the Pacific (SIO 60-236-101)
appears  slightly different  phenotypically
from the Indian Ocecan forms. These two
populations should be further examined
when such material is available.
Description. D. 14-15; A. 16; P. 13-14;
gill rakers 18-21; vertebrae (33).
Largest specimen less than 50 mm SIL.
body narrow, tapering into narrow caudal
peduncle; its  greatest depth  less  than
length of subcaudal photophore group; eye
relatively small, orbital diameter greater
than six times into SL; post-temporal spine
long, about one-half the diameter of orbit
(or greater); dorsal spine short; preopercle
spine short, narrowly triangulate; abdom-
inal keel scales smooth, not extending far
beyond body margins; subcaudal photo-
phores spaced apart (about width of a
photophore between them), distance be-
tween  subcaudal and anal photophores
about the same as length of one of the
former; supra-anal raised only slightly
above anals, with first supra-anal higher
than sccond: supra-abdominal photophores
in an oblique straight line; jaws medium;
tecth minute; definite  vomerine teeth
present; gill rakers long, spinose; in pre-

servative, pigment dark dorsally  with
broad, dark bar reaching to or near mid-
line; dark pigment spots along trunk
midline with pigment striations radiating
from them:; dark pigment above ventral
photophores.

Holotype: measurements (imm): SL 40.1
BD 200, JL 06.1, CP 03.4; meristics: GR
19, D 14, A 16; anal photophores 11; name:
from the Marathi word “omphus,” roughly
translated as “unwanted.”

Distvibution (Fig. 63). Extremely dis:
junct range; known from a few speciments
north of Madagascar in the Indian Ocear
and from a single capture in the Centra
Pacific north of the Marquesas Islands
Additional record: 00°00", 165°42.5"\WV.

Polyipnus aquavitus n. sp.
Figure 72

Holotype ZMUC P20969; 33° 42'S, 151°
11/13/51; R/V GALATHEA; Station 551.

51'E

Species distinction. Sce P. laternatus (p
92). P. unispinus differs from P. aquavi
tus by its longer dorsal and preoperelc
spines, spinose preopercle and ventral kee
plates, shorter subcaudal to anal photo
phore distance, longer postabdominal anc



anal pterygiophore spines, and its narrower
trunk and caudal peduncle.

Description. D. (11) 12-13; A. 15-16; P.
(12) 13-14; gill rakers 12-14; vertchrae
(35).

Largest specimen less than 45 mm SL;
body narrow, tapering into narrow caudal
peduncle; its least depth less than length
of subcaudal photophores; post-temporal
spine long, length greater than one-half
the diameter of orbit; dorsal spine short;
preopercle spine short, sharp, length less
than one-half the diameter of orbit; second
preopercle spine reduced; lateral surface
of preopercle smooth; abdominal keel
scales  smooth, not extended ventrally;
supra-anal photophores only slightly raised
from anals; first supra-anal photophore
aised above second and third; anal-sub-
zandal photophore distance one-fourth or
mreater than length of latter; mouth small;
‘ecth minute; gill rakers short to medium;
n preservative, body pigment is dark over
tbdomen and trunk; pigment often present
m band at base of caudal rays, few dark
pigment spots along lateral midline.

Holotype: measurements (mm ): SL 38.5,
BD 17.7, JL. 07.0, CP 03.6; meristics: GR
13, D 13, A 15, anal photophores 10; name:
rom the Danish national drink, akvavit.

Distribution (Fig. 63). Taken abun-
dantly off Sidney, Australia, and known
rom single captures in the Banda Sea and
setween Tasmania and New Zealand.

Polyipnus unispinus Schultz
Figure 73

Polyipnus unispinus Schultz, 1938: 137 (holotype
USNM 103153; Philippines; seen); 1961: G13;
1964: 247,

Species distinetion. See P. laternatus (p.
22). Differs from P. aquavitus by its
onger dorsal and preopercle spines, spinose
reopercle and ventral keel scales, shorter
subcaudal to anal photophore distance,
onger postabdominal and anal pterygio-
>hore spines, and its narrower trunk and
caudal peduncle.
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Description. D. 12-13 (14); A. 13-15;
P. 12-13; gill rakers (11) 12-14; vertebrae
(35-36).

Small, possibly a “dwarf” species, none
vet exceeding 40 mm SL; body narrow,
tapering into long narrow trunk and
caudal peduncle; post-temporal spine long,
almost equal to orbital diameter; dorsal
spine long, high; its length about equal to
one-half of orbital diameter; preopercle
spine long, greater than one-half of orbital
diameter; a well-developed second  pre-
opercle spine usually present; dorsal lateral
surface of preopercle spinose; abdominal
keel scales spinose ventrally; postabdom-
imal and anal pterygiophore spines well
developed; supra-anal photophores almost
continuous with anals; first two supra-anals
raised markedly above third; distance be-
tween subcaudal and anal photophores less
or equal to onc-fourth the length of the
latter; mouth small; teeth minute: vomerine
teeth  prominent; gill yakers short to
medium, well spaced; in preservative pig-
ment  slightly  darker dorsally; abdomen
and trunk relatively dark:

Distribution (Fig. 63). Taken in small
numbers off the Philippines, and repre-
sented by two small samples from the
Banda Sea.

Polyipnus triphanos Schultz

Figure 74
Polyipnus triphanos Schultz, 1938: 140 (holotype

USNM 103027; Pescador Islands: seen): 1961:

640; 1964: 247.

Species distinetion. See P. asteroides (p.
99): ditfers from P. polli by its higher
anal photophore number, lower gill raker
and dorsal ray counts, a straight ventral
anal photophore margin, and the raised
dorsal pigment border above the supra-
anal photophores.

Description. D. 11-12; A. 17 (18, 19);
P. 13-14; gill rakers (15) 16-1S (19):
vertebrae (33).

Body broad, tapering into narrow caudal
peduncle; its height slightly greater than
length  of subcaudal photophore group;
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Polyipnus triphanos; after Schultz, 1938.

Figure 74.

post-temporal spine short, needlelike; dor-
sal spine short; preopercle spine  short,
triangulate; abdominal keel scales extend
only slightly below ventral body margin:
first supra-anal photophore markedly lower
than other two; first supra-abdominal
raised above others, sccond lower than
third, jaw medium to small; teeth minute;
aill rakers medium, spinose; in preservative.
pigment dark dorsally; dark pigment bar
reaches almost to midline followed by light
stripe reaching towards mid-dorsal line;
ventral margin of dark  dorsal pigment
markedly raised on trunk above supra-anal
photophores; pigment spots present on
trunk midline, striations not distinet.
Distribution (Fig. 63). Known only from
a few captures off the Philippines. Addi-
tional Record: 05° 01.0°S, 127° 57'E.

Polyipnus polli Schultz
Figure 75

Polyipnus  polli  Schultz 1961: 635 (holotype
MRAC 95092; south cast Atlantic: not scen,
paratype USNM 179878; seen); 1964: 217,

Blache, 1964: 71: Backus et al., 1965: 139.

Polyipnus lateruatus: Norman, 1930: 305; Fowler,
1936: 1208; Poll, 1953: 65.

Polyipnus spinosus: Smith, 1953: 102 (?).

Species distinction. See P. astevoides (p.
99) and P. triphanos (p. 97).

Description. D. 14-15 (16); A. (15) 16—
17; P. 13-14; gill rakers (20) 21-23; verte-
brae 32-33.

Medium to small species, seldom exceeds
50 mm SI.; body and trunk broad, narrow-
ing abruptly to small, short caudal pedun-
cle; post-temporal spines short, needlelike;
dorsal spine short; preoperele spine short,
triangulate; abdominal keel scales smooth;
not extended ventrally; first supra-anal
photophore lower than other two; first
supra-abdominal raised well above second
which is approximately even with third;
subcaudal photophore group short, about
cqual to width of dorsal pigment bar at its
center; body margin below anal  photo-
phores  markedly curved; anal  ptery-
giophores extend well beyond hody margin:
jaws small; teeth minute;  gill  rakers
medium to long, and spinose; in preserva-
tive, pigment dark dorsally with pigment



Figure 75. Polyipnus polli; ofter Norman, 1930.
bar reaching toward midline; ventral

border of dorsal pigment in straight line,
from lateral photophore to caudal pe-
duncle; dark pigment spots on midline and
between midline and border of darker
dorsal pigment; pigment striations present
on trunk,

Distribution (Fig. 63). Restricted to the
southeastern  Atlantic along the west
African coast from the Gull of Guinea to
10°S latitude.

Polyipnus asteroides Schultz
Figure 76 N

Polyipnus asteroides Schultz, 1938: 138 (holotype
USNM; West Indies; not seen): 1961: 640:
1964: 247: Scott, 1965: 1303.

Polyipnus lateruatus: Jespersen, 1934: 15.

Species distinetion. P. asteroides, P. tri-
phanos, and P. polli differ from P. meteori,
P. matsubarai, P. kiwiensis, and P. ruggeri
by their lack of teeth on the posterior
vomerine shaft, and by supra-abdominal
and supra-anal photophore characteristics;
P. astevoides differs from P. polli by its
greater number of anal pliotophores, less
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broad trunk, longer subcaudal photophore
group, relatively straight anal photophore
margin, and attainment of greater size;
differs from P. triphanos by its less broad
body, higher gill raker and dorsal ray
counts, and body pigment characteristics.

Description. D. 14-16 (17); A. (15) 16-
17 (18); P. (12) 13-14 (15): gill rakers
20-23 (24); vertebrae 32-33.

Large to giant species, often exceeds 70
mm SL; body relatively broad, tapering
evenly to narrow but short caudal pe-
duncle. its greatest depth greater than
length  of subcaudal photophores; post-
temporal and dorsal spines short (less than
one-fourth eye diameter); preopercle spine
very short, triangulate; abdominal keel
scales extend slightly below ventral body
margin; first supra-anal photophore mark-
edly lower than second; first supra-abdom-
inal photophore raised well above other
two, second and third supra-abdominals
usually about same height; jaws medium
to large; teeth minute: gill rakers medium
to long, spinose on internal surface; in
preservative, pigment dark dorsally; dark
pigment bar extends toward but never
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R/V CHAIN, Cruise 60; Stotion 1295; SL 38 mm.

Polyipnus asteroides;

Figure 76.



Figure 77.

Polyipnus matsubarai; after Schultz, 1961.

reaches midline; lateral border of dark
dorsal pigment straight from dorsal spince
to caudal peduncle; dark pigment spots
mark lateral midline, pigment striations
present on trunk,

Distribution (Fig. 63). Restricted to the
western North Atlantic; abundant in the
Caribbean and Gulf of Mexico from the
coast of Venezucela to the straits of Florida;
occurs off the outer islands of the West
[ndies and less abundantly along the east
coast of North America; a single capture
has been reported as far north as the Gulf
of Maine,

Polyipnus matsubarai Schultz
Figure 77

Polyipnus matsubarai Schultz, 1961: 641 (holo-
type  USNM  179793; Kumanonada, Japan;
seen); 1964: 247,

Polyipnus  japonicus Schultz, 1961: 643,
247,

Polyipnus  astercides: Matsubara, 1941: 2. 1950:
192,

1964:

Marixe Harenerrisues « Baird 101

Species distinction. Sce P. asteroides (p.
99); differs from P. ruggeri, P. kiwieusis.
and P. meteori by its higher gill raker
count, long narrow caudal peduncle, and
very narrow dorsal pigment bar,

Description. D. 12 (13); A. 16-17; P.
(12) (13) 14-16; gill rakers 22-24: verte-
brae 33.

Largest specimens have not exceeded 50
mm SL; body broad, tapering into long,
relatively  narrow caudal peduncle; its
length equal to or greater than its greatest
depth; post-temporal spine rather long and
needlelike, its length about one-fourth the
orbital diameter; dorsal spine short; pre-
opercle spine short, triangulate; abdominal
keel scales smooth, with no ventral ex-
tension: first supra-abdominal photophore
raised above second whieh is equal to or
slightly  raised above third; supra-anal
photophores in steplike arrangement. the
third being highest; first three anal photo-
phores even and parallel to midline; jaws
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Figure 78.

medium; teeth present on long posterior
shaft of vomer Iving ventral to parasphe-
noid, resulting in three distinet tooth bear-
ing arcas on the vomer; gill rakers medium;
in preservative, dorsal pigment bar is ex-
tremely narrow and reaches to midline;
dorsal pigment border is broken by light
stripe  behind  pigment  bar,  reaching
broadly to mid-dorsal line; dorsal pigment
border raised slightly above supra-anal
photophores; small, dwk pigment spots
mark lateral midline.

Distribution (Fig. 63). Abundant in the
waters off Japan in the North Pacific; a
single capture in the mid-North Pacific
represents this specices.

Polyipnus ruggeri n. sp.
Figure 78

Holotype DMNZ -1670; 31°
7/24,62; R/V TUI.

57'S, 177° SS'E;

Species distinction. Ditfers from the P.
asteroides (p. 99) group by dentition and
photophore  characteristics and  from P,
matsubarai (p. 101) by dorsal pigment and
gill raker characteristics; differs from P.
meteori and P. kiwiensis by its dorsal pig-

Polyipnus ruggeri; R/V TUI; New Zealand; SL 47 mm.

ment  characteristics, higher  gill  raker
count, and photophore patterns; further
differs from P. kiwiensis by its smaller,
rounder eye, longer, narrower caudal pe-
duncle, and lesser distance between frontal
crests (interorbital ).

Description. D. 12; A. 16-17; P. 15; gill
rakers 18; vertcbrae (33).

Largest specimen less than 60 mm SLg
body broad, tapering into somewhat long
and narrow caudal peduncle; its length
greater than depth; post-temporal  spine
short, rough surfaced dorsally, less than
onc-fourth of the diameter of orbit; dorsal
spine short, low; preopercle spine triangu:
late; cve large, round, its length aboul
equal to width; greatest distance betweer
frontal crests (interorbital) less than o1
equal to length of subcandal photophorc
aroup; abdominal keel scales not extendec
ventrally; supra-abdominal photophores i
essentially straight line, first may be slightly
raised above third; first supra-anal photo
phore noticeably lower than second, whicl
is lower than third; jaws medium to large’
teeth present on posterior vomerine shaft
aill rakers medium, slightly spinose; in pre
servative, pigment dark dorsally with <
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figure 79.

very reduced pigment bar: much reduced
ight stripe behind bar does not reach mid-
lorsal line; ventral border of dorsal pig-
nent raised above supra-anal photophores;
small dark pigment spots present on lateral
nidline.

Holotype: measurcments (mm): SL 46.8,
3D 30.3, JL 09.7, CP 05.5; meristics: GR
S, D 12, A 17; anal photophores 9; name:
1amed in honor of New Zealand's national
port, rugby.

Distribution (I'ig. 63). Known only from
L few small captures off Wellington, New
Zealand, and west of the Kermadee Islands.
olyipnus kiwiensis n. sp.

Figure 79

Tolotype DMNZ 4802, 36° 50'S, 176° 10E:
9726 '62; R.V TUIL
Species  distinction. Differs  from  P.

isteroides (p. 99) group by photophore
haracteristics  and  teeth  on  posterior
‘omerine shaft: from P. matsubarai by gill
aker number and dorsal pigment char-
wteristics (P. matsubarai, p. 101); from P.
uggeri (p. 102) by dorsal pigment char-
icteristics, eve size, gill raker number,

Polyipnus kiwiensis; R/V TUIl; New Zeolond; SL 60 mm.

caudal pedunele, and interorbital crests:
differs from P. meteori by its higher gill
raker counts, larger eye and mouth, photo-
phore and dorsal pigment characteristics.

Description. D. (11) 12; A. 16-17; P.
15-16: gill rakers 16-17; vertebrac (32)
33 (34).

Largest specimens less than 70 mm SL:
body broad. tapering rather abruptly into
short caudal peduncle; its depth about
equal to its length; post-temporal spine
short, less than one-fourth the diameter of
orbit; dorsal spine short, preopercle spine
triangulate; eyes extremely large, their
diameter less than seven times into SL;
greatest distance between frontal crests
(interorbital), greater than length of sub-
caudal photophore group: abdominal keel
scales not extended ventrally; first and
third supra-abdominal photophores about
ceven and raised well above second; first
supra-anal  photophore  noticeably  lower
than second, which is slightly lower than
third; jaws large, broad: teeth well de-
veloped on posterior vomerine shaft and
lower jaw; gill rakers medium; in pre-
servative broad, dark, dorsal bar reaches
to midline; light stripe posterior to dorsal
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bar not reaching to mid-dorsal line; ventral
border of dark dorsal pigment only slightly
raised above supra-anal photophores; small
dark pigment spots on lateral midline.

Holotype: measurements (mm): SL 59.5,
BD 364, JI. 14.3, CP 09.7; meristics: GR
17, D. 12, A. 17; anal photophores 10;
name: from Kiwi—a New Zealand bird; in
the vernacular, a Kiwi is a native of New
Zealand.

Distribution (Fig. 63). Taken in moder-
ate numbers near Red Mercury Island off
the northeastern coast of North Island,
New Zealand.

Polyipnus meteori Kotthaus

Polyipnus meteori Kotthaus, 1967: 27 (holotype
I0ES 20; off Seychelles, Indian Ocean:; not
seen).

Species distinction. Sce P. asteroides (p.
99), P. matsubarai (p. 101). P. ruggeri
(p. 101), and P. kiwiensis (p. 103).

Description. (From description of holo-
type (Kotthaus, 1967) and photograph.)
D. 12; A. 16; P. 15; gill raker number
13-15,

Known only from holotype (SL 37 mm):
body broad, tapering to relatively long
caudal peduncle (appears shorter than
P.matsubarai); post-temporal spine needle-
like, about equal to one-fourth the eye
diameter; dorsal spine short; abdominal
keel scales smooth, not extended ventrally;
first and third supra-abdominal photo-
phores about even and raised above
second; first supra-anal markedly lower
than second, which is lower than third:
jaws medium; in preservative broad. dark,
dorsal bar reaches to midline followed by
light stripe which reaches mid-dorsal line:
ventral border of dorsal pigment raised
considerably  above  supra-anal  photo-
phores; dark pigment spots present on
midline.

Distribution (Fig. 63). Known only from
a specimen  taken mear the Sevchelle
Islands in the Indian Ocecan; two juvenile
Polyipnus from the cast coast of Africa
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may represent this species. Note: Key
characters checked with holotype through
the courtesy of Dr. Verner Larsen, ZMUC,

DISCUSSION AND CONCLUSIONS

Patterns of Distribution

The ecological distinetness of the family

and the basic structural modifications in-
volved in the peculiar body form were dis-
cussed above. Given this basic structural
similarity, the respective genera have  di-
verged morphologically and ecologically.
This is apparent in the distinetive distribu-
tion pattern of cach genus and is indicative
of the types of distributions to be found in
deep-sea fishes.

Polyipnus. Although Polyipnus has the

basic adaptive attributes of a midwater !

fish, the genus—with the exception  of
isolated  expatriates—is  associated
land arcas. Land-oriented  distributions
have been reported in midwater fishes
(Ebeling, 1962; Nafpaktitis, 196S). but
these have involved members of essentially
pelagic genera. Polyipnus is a moderately
speciose genus which has adapted solely
to land associated environments.  While
continental slope arcas are important, this
genus  occurs  abundantly mnear oceanic
istands well away from continental margins.
Depth data are generally sparse, but indi-
cate that Polyipnus is found from 50 m
to 400 m. The extent of diurnal migration
is unknown, although certain species have
been reported near the sarface at night off
Japan  (TTaneda, 1952). The “pscudo-
pelagic” environment of this species has
not heen extensively sampled in most areas.
Species ranges are therefore incomplete,
and little is known about population struc-
ture and vertical distribution. New species
an be expected and additional revision
will be required as collecting proceeds.
The peculiar distribution of this genus
may  be related to  land-oriented  food
chains. There is an extensive amount of
literature on the increased productivity
associated with land arcas and on the

|

with'



seeurrence of neritic forms of zooplankton.
Polyipnus has specialized feeding habits,
wmd two peculiar morphological features
nay be involved in its adaptation to a
specialized niche. These features are the
aw and branchial morphology, and the
nlargement of the otic region. An addi-
ional indication of biological differences
rom the other genera is the small number
of juveniles collected with the adults.
\[uch remains to be known about the
siology and ecology of this genus, as well
s its “pseudopelagic” environment.
Comparison of the essentially tropical
and-oriented distribution of Polyipnus with
sther tropical shore species provides some
nteresting parallels. Tropical reef and
shelf fish are diverse in the Indo-west
Pacific region, with the Indo-Malayan area
‘he most speciose (e.g., Ekman, 1967: 17).
The number of species declines as one
sroceeds from this area. While present in
nany of the islands of outer Polyncsia
‘Hawaii, Marquesas, Tuamotu archipelago),
[ew shore species reach the western coast
of the Americas. This is attributed to the
wide stretch of open water in the eastern
Pacific (the zoogeographic east Pacific
barrier). Contributions of Indo-west Pacific
elements to the tropical Atlantic are re-
duced by a similar, although not as re-
strictive, central Atlantic barrier, in addi-
tion to the African continent (Briggs, 1960,
1961). The tropical shore fauna is further
characterized by its “modernness.” Tt con-
sists primarily of the most advanced and
latest evolved fishes, with relicts and more
primitive groups less well represented.
Geographic endemics are common, espe-
cially near the more isolated island groups.
The largest number of Polyipnus specics
have been collected around the Philippine
Islands. Eight of 17 known species occur
in the tropical west Pacific. Endemics
occur in New Zealand. Hawaii, and the
Marshall Islands at the limits of the range
in the Pacific. Three other species occur
in the western Indian Ocean, thus account-
ing for 14 of 17 species in the Indo-west
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Pacific. No species are reported from the
eastern Pacific. The P. spinosus species
complex is not found in the Atlantic; only
three species occur there, Two are re-
stricted to tropical and temperate America,

and one to the west African coast. There
are no trans-Panamanian species. Speci-

ation tends to be geographic and endemics
are numerous. Extensive sympatry be-
tween species complexes is rare. Life
history features apparently restrict species
to land-associated waters. No open-water
pelagic populations are known, and bar-
riers to gene flow among discontinuous
populations appear considerable.

Here, then, is a classic tropical shore
distribution in what appears to be the most
primitive genus of the family (Ebeling,
1962, indicates some of the same features
in Melamphaes). Since such a distribution
is characteristic of lately evolved groups, it
is interesting to speculate on the possible
recent origin of Polyipnus. While primitive
maurolicid gonostomatids are identified
from the early Tertiary, Polyipnus as pres-
ently defined, is not. (It is not present in
Tertiary Tethys or California deposits.)
Argyropelecus is known from the Oligo-
cene. Its distribution is worldwide (inclid-
ing the Tethys fauna). as are a number
of gonostomatids (admittedly a different
ecology and distribution pattern). Poly-
ipnus, while primitive in axial skeleton
characteristics, is nevertheless highly spe-
cialized in the cranial region. These char-
acters may be the major adaptive features
allowing Polyipnus access to its specialized
niche, resulting in a new adaptive tvpe
which possibly arose relatively recently.

Argyropelecus. Argyropelecus species are
characterized by broad worldwide high
scas distributions. The genus is found in
all tropical and temperate oceans, and is
absent from polar seas. The limits of dis-
tribution are bounded approximately by
the 5° isotherm at 200 m. Within these
broad limits, however. distribution can be
quite restricted with the result that world-
wide species are broken up into a series of



106

disjinet popnlations whichi appear more
or less isolated from cach other.

In general, species ocenr vertically over
the same depth range wherever they are
found. With the exception of A. gicas,
Argyropelecus species are partial or in-
complete diurnal migrators. At night many
species ascend to above 300 m, often to
about 200 m from their davtime depths of
400-500 m. Catches in the upper 100 m
seldom involve large numbers of in-
dividuals. A. aculeatus is most distinct in
its vertical migration, while A. gigas, the
deepest living species, migrates very little.
Within these broad limits (150-600 m) depth
variability is high, indicating considerable
microcomplexity  (Appendix  B).  From
bathyscaphe observations during the day,
Peres (193S) reports A, hemigymnus from
250-600 m, with large concentrations from
400-500 m. Percés” and other bathyscaphe
observations (Drs. R. Rosenblatt, R. Haed-
rich, and R. Richards, personal conver-
sations) indicate that Argyropelecus species
do not school in the classical sense, but are
somewhat isolated from one another. Catch
data (Table 23) show the wide range in
size distribution with large catches, an-
other indication of nonschooling behavior,

Unlike many midwater fishes, the larvae
and juveniles of Argyropelecus are fonnd
in the adult environment (Table 23) ( Ahls-
trom, 1959). Over the range of a species
distribution  some  gravid females  and
young juveniles were usually found. Large
scale expatriation does not appear to he im-
portant. Wherever a species is found in an
arca in numbers it scems to represent a
breeding population.

Argyropelecus is represented by seven
species in three species complexes. Species
arc morphologically distinet in most cases
and, as with Polyipnus, broad sympatry
within complexes is uncommon. Sympatry
is imited to zones of mixing hetween allo-
patric species ranges when it ocenrs within
species complexes. Dwarf and giant spe-
cies ocenr. The giant species (A, gigas) is
quite restricted in  distribution, limited
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essentially to zones of water-mass hound-
aries. The dwarf species (A, hemigymnus),
while occurring in the relatively unproduc-
tive central water masses, is abundant in
highly productive temperate and eastern
bomndary current waters.

Sternoptyx.  Sternoptyx  species  have
broad worldwide pelagic  distributions
similar to Argyropelecus and with approxi-
mately the same geographic limits.  The
juveniles are found in the adult environ-
ment, although larger individuals may be
found slightly deeper. There is no indi-
cation of expatriation. Sternoptyx is less
speciose than Argyropelecus and  species
distinctions are much less marked. Two
of the three species (S. diapliana and S.
obscura) have wide allopatric ranges, with
restricted arcas of overlap. S. pseudobscura
and S. diaphana are hroadly sympatric over
much of their respective ranges.

Vertically, all species are deep living
(500-1500 m) and show little diurnal mi-
gration.  Variability in catch size ranges
indicates that Sternoptyx probably does not |
schoal.

|
Geographic Variation

Mayr (1963: 333) makes the following
points in a discussion of geographic varia-
tion: Every population of a species differs
from all other populations genetically, and
when sufficiently sensitive tests are em-
ploved, also biometricallv. The degree of
divergence between  different populations
of a species ranges from near complete
identity to distinctness almost of species
level. Various characters of a species may
and usually do differ independently. The
characters of a given population have at
least a partial genetice basis, and in most
ases tend to remain rather constant through
the years.

The absence of detectable  differences
between horizontally disjrmet populations
is not necessarily indicative of no popu-.
lation differences. In the present study,
mcthods were not particularly  sensitive,
nor were many characters used. IHowever,



where differences do exist one can delimit
populations which, when coupled with dis-
tributional data, should add to our under-
standing of the environmental and bio-
logical factors which arc important in
restricting species  distributions.

Most of the patterns of geographic vari-
ition outlined by Mayr are present in
Argyropelecus and Sternoptyx. A, gigas,
which appears to have the most disjunct
distribution, displayed no detectable differ-
ances  between widely  separated  popu-
lations. Characters which are constant in
ne species, vary in another. In general.
however, population  differences  were
‘ound between  geographically isolated
populations as indicated by horizontal dis-
ributions.  The statistical characteristics
>»f a population of at least one species (A
1culeatus) remained constant over a period
»f two vears. Population limits can be
quite broad, and usually population bound-
wies are correlated with species boundaries
in the same area. However, where species’
ranges cross major zoogeographic hound-
arics, populations on ecither side of this
boundary may be quite distinct (c.g., A.
hemigymnus in the North Atlantic).

Population boundaries and morpholog-
ical diversification ave more obvious in
the shallow-dwelling Argyropelecus than

in the decper-living and nonmigrating
Sternoptyx  (Ebeling and Weed, 1963.

noted this for Melamphaes and Scopelo-
gadus). Distributions of decper living pe-
lagic invertebrates also show this pattem
(David, 1963; Grice and TITulsemann,
1967) which is apparently correlated with
the decrease in environmental differences
with depth between different areas of the
oceans. Additional study is necessary to
fully appreciate and delimit the population
structure of hoth genera.

Distributional Factors

A considerable amount of literature is
now available emphasizing the importance
of water masses in the distribution of deep-
sea organisms ( Bieri, 1959; Ebeling, 1962;
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Johnson and Brinton, 1963, among others).
Discussions of water masses—their forma-
tion, location, and identification—are
numerous (ec.g.. Sverdrup et al, 1960:
Ebeling, 1962), and cach year knowledge
of the extent, boundaries, and origin of
discontinuities in the oceans increases.
Table 24 relates the distribution of the
species of Argyropelecus and Sternoptyx
to the various water masses as presently
defined. Several interesting conclusions
result.  One  species (A, aculeatus) s
limited to central water masses within
the great gyre systems of the central
oceans. Two species (A. lychnus, S. ob-
scura) are limited to the cast Pacific
equatorial water mass and the transitional
waters at its boundary. As presently de-
fined, water masses are too broad to ac-
curately describe many distributions; this
is particularly so in the Atlantic. While
the label “central” or “cquatorial” is indic-
ative of similarities between water masses
in different arcas, there can be significant
differences in the faunal components (e.g..
Indian equatorial versus cast Pacific equa-
torial; east north Pacific central versus west
north. Pacific central).

Since the distributions of Argyropelecns
and Sternoptyx are disjunct vet worldwide,
a detailed look at the range of each species
was made in an attempt to define some
of the important distributional parameters.
Temperature was considered, as it is often

correlated with the distributional limits
of fishes. Table 22 represents the tem-
perature range of cach species within
arbitrarily  sclected  depth  limits, cor-

responding  roughly to the depth limits
of the species. Tables 20 and 21 illustrate
temperature depth profiles from various
parts of the ocean where different species
occur. As Table 22 illustrates, absolute
temperature ranges widely overlap, al-
though certain species tend to be  high
while others are low. Species occur in
colder waters in the Pacific in comparison
with the Indian and Atlantic occans. Dis-
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TasLe 20. TEMPERATURE-DEPTH PROFILES FOR VARIOUS PARTS OF THE PACIFIC AND INDIAN 0CEANS1

Depth 40°N, 150°W 34°N, 122°W 10°N, 120°W 18°N, 142°W 25°N, 160°E
(m) Pacific subarctic California Eq Pacific NE Pacific Cent NW Pacific
200 9.5 9 12 13 17
400 6.5 6.5 9.5 8 14
600 5 S5 6 6.5 b
800 <5 <5 Y5 53 5
1000 <5 <5 4.5 <5 4.5

Depth 30'S, 85°W 25°S, 130°W 30°S, 160°E 40°S, 140°E 14°8, 115°E
(m) SE Pacific Clile SE Pacific SW Pacific Subantarctic Java
200 11 17 21 8.5 14
400 7 11 12 7.5 9
GO0 G 6.5 9 7
8500 4.5 5.5 7 5

1000 <5 ) 4.5 4.5

Depth 4°N, 65°E 35¢S, 65°E 35°S, 10°E 12°S, 65°E 20°S, 100°E
{(m) NC Indian SC Indian SW Indian Eq Indian SE Indian
200 14 13 17 15 18
400 11 12 15 10 11
600 10 11 13 7.5
S00 8 9 10 6

1000 7 6 7 S

1200 55 <5 5 <5

tributional generalities become more defi-
nite, however, upon examination of the
horizontal distribution of the various spe-
cies, coupled with the temperature profiles
and general hydrographical characteristics.

The following pattern emerges by com-

. . . . . 8
paring the various species. A. gigas i
limited to transitional waters at the bound-
aries of tropical central or warm water
masses and  colder  temperate  waters:
where roughly the 5° isotherm is deeper
than SO0 m. A. «ffinis and A. sladeni ar(l

TapLe 21, TEMPERATURE-DEPTH PROFILES FOR VARIOUS PARTS OF TIIE ATLANTIC OCEAN. l
Depth 28°N, 87'W  24°N, 93°W 17°N, 60°W  16°N, 79°W  32°N, 15°\\? 40°N, 20°W 40 N, 50°\W 1
(m) N Gulf Mex Gulf Mcx Venczucla Caribbean Trop NE Atl N NE A NW Al
200 14 20 15 18 16 13 16
400 9 10 9 11 13 12 12
600 6 b} 7 7.5 11 10.5 8
§00 5 7 5! 6 10 9.5 6
1000 <5 6 <5 5 9 8 <5
1200 <5 5 <5 < 8 7 <5
Gulf of SN, 352W 16°N, 25°W 16°S, 6O°W 24°S, T0°W 24°§, 5°E
Guinca Trop Atl Verdes Isl SW Al SW Ad SE At
200 144 10 15 20 14 16
400 9 S 11 10 10 13
600 [§] 7 9 6 8 9
§00 <5 6 7 <5 <5 5.5
1000 <5 5 6 <5 <5 <5
1200 =25) <5 5.5 <5 <5 <5




[aBLE 22. TEMPERATURE RANGES
\RGYROPELECUS AND STERNOPTYX.

AT

ARBITRARILY
FIGURES WERE OBTAINED BY COMPARING IIORIZONTAIL SPECIES RANGES
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THE VARIOUS SPECIES OF

WITH KNOWN TEMPERATURE-DEPTH PROFILES OVER TIIIS RANGE.

Species Depth (m) Temperature Range (°C)
\. aculeatus 200 15-21 (all oceans)
400 10-15 (all oceans)
\. olfersi 200 12-13 (all oceans)
400 9 (Atlantic) 7 (Pacific)
\. lychnus 200 7-12 (Pacific)
400 6-10 (Pacitic)
A. sladeni 200 9-14 (all oceans)
400 6.5-11 (all oceans)
\. hemigymnus 200 9-18 (all oceans)
400 6.5-13 (all oceans)
\. affinis 200 9-14 (all oceans)
400 6.5-11 (all oceans)
A. gigas 400 7-12 (all oceans)
600 6-10 (all oceans)
5. diaphana 600 5-7 (Pacific); 9-11 (Indian & Atlantic)
800 5-4.5 (Pacific); 7.5-10 (Indian & Atlantic)
5. obscura 600 7.5-10 (Indian & Pacific)
800 6-8 (Indian); 4.5-5.5 (Pacific)
1000 4.5-5 (Indian & Pacific)
5. pseudobscura 800 8-5 (all oceans)
1000 4-5 (all oceans)

estricted primarily to the eastern boundary
urrents and areas of upwelling which are
‘haracterized by cool water between 300
n and 400 m. A. olfersi is restricted to the
varmer areas of subpolar waters character-
zed by 12-13° temperatures at 200 m. A.
wemigymnus is excluded only from equa-
orfal waters, although biometric data
ndicates a  population structure which
:orresponds to water mass boundaries. A,
wculeatus is restricted to warm  central
vater masses in areas bounded approxi-

[aBLE 23.

mately by the 15° isotherm at 200 m. A.
lychnus occurs only in the Pacific equa-
torial water mass characterized by cool
temperatures between 200 m and 400 m.
S. diaphana is excluded from the equatorial
water masses only. S. obscura is limited to
equatorial water masses and their bound-
aries while S. psendobscura is similar lo
S. diaphana, although more restricted to
tropical and subtropical waters.

The above distribution pattern is a
strong argument for the importance of

CA'TCII STATISTICS FOR TWO LARGE SAMPLES OF ARGYROPELECUS FROM THE NORTII ATLANTIC.

SIZE CLASS FIGURES REFER TO THE NUMBER OF INDIVIDUALS IN THE SAMPLE WHOSE STANDARD LENGTH
FALLS BETWEEN TIE SIZE LIMITS; LE.,, THERE WERE TWO INDIVIDUALS OF A. ACULEATUS WHOSE STANDARD
LENGTIS WERE FROM 21 TO 25 Mt

Size Class (mm)

Species Total Catch 10 15 20) 25 35 45 55 65 90 90+
A hemigymnus™ 240 9 61 37 43 80 10
A, aculeatus™* 75 3 2 6 13 29 15 8 1

* Atlantis II 13, station 1040, 0940-1125, 320-375 m.

*% Chain 32, station 859, 0835-1305, 380 m.
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Tasre 2.4

BOUNDARIES]
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OCCURRENCE OF THE SPECIES OF ARGYROPELECUS
MASSES, X = TAKEN IN NUMBERS: S = REPORTED IN SMALL NUMBERS USUALLY NEAR WATER MASY
O = UNRECORDED;

AND STERNOPTYX IN VARIOUS

WATEL

P = POSSIBLE RECORD.

Species

B < = = B < S ~ = a

Water Mass = < < < = < = » s @7

N Atlantic Central A\ N N O N AN AN AN O N
S Atlantic Central N AN N O N X S N Q] X
EN Pacific Central O N X (@] X (@) (@) N (@) N
WN Pacific Central O (@] S (@] (@] S O N O (0]
ES Pacific Central S O S O O X S AN (¢ N
\WS Pacific Central O O S Q) N X (@) O (6] (6]
NE Pacific Transitional (@] N N AN A\ O (@] S X (@]
SE Pacific Transitional AN AN AN AN AN S S X A\ (0]
Pacific Equatorial O S O AN O (6] O S N (¢}
Indian Equatorial S AN N\ (@) X O O 0 X S
Indian Central X S X 2 S N (¢ N S X
Subantartic AN (@] AN O (@) O X A O (€]
N Pacific Subarctic O (¢] N O X (0] O N o (¢}

temperature in defining distributions (e.g..
McGowan, 1960: Nafpaktitis. 196S). It is
apparent, however. that absolute tempera-
ture values per sc are not the sole limiting
factor and that each water mass can be
defined by a hest of other physical and
biological factors, all of which may be
important in limiting distributions.

A number of recent studies indicate that
water masses have a biological identity and
many widely diverse forms are limited to
them (Bieri. 1939: Aron. 1962: Brinton.
1962: McGowan. 1963: Fager and Mec-
Gowan., 1963). Additional aspects to be
considered are the hvdrographic features
such as boundary arcas. transitional waters
and upwelling areas which provide further
heterogeneity  of  biological importance.
Pelagic hatchetfish distributions are par-
ticularly illustrative of the biological simi-
larities of areas with corresponding hyvdro-
araphic properties. For instance. eastern
boundary currents which are quite similar
hydrographically (Wooster and Reid. 1963)
contain the same hatchetfish species wher-
ever they are found. The same can be said
of central gyre areas or subpolar waters.

While the physical and biological proper
tics of the whole water column are im
portant in the ecology of a given wate
mass, barriers to distribution in hatchet
lishes appear to be primarily a function o
the environmental properties over  the
depth range of the species. Furthermore
the barriers become less marked witl
depth so that discontinuities at SO0-10
m occur less often than those from 200-
400 m. This is reflected in the Dbroac
distributions of the deep living Sternoptyx
with three closely related species com
pared to the highly disjunct and morn
speciose Argyropelecus with its more shal
low distribution. This same pattern is evi
dent in other deep living forms (David
1963: Ebeling. 1962: Grice. 1963: Grice anc
Hulsemann, 1967) where life  histon
features of juveniles or larvae do not com
plicate the distribution.

Zoogeographic Regions

Several features make the pelagic hatchet
fishes particularly well suited to zoogeo
araphical studies. Their distributions ar
broad. vet limited to waters of simila
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Z00oGrocrarnic REGIONS.

No. Region S[;vcivs Assembly

1. E Pacific Equatorial A, lychnus, S. obscura.

2. N Pacific Transitional AL daffinis, A. hemigymnus, A. sladeni, S. obscura,
A, lychuus (S. diaphana).

3. Pacific Subarctic AL sladeni, A. hemigymnus (S. diaphana).

4. EN Pacific Central A affinis, A. sladeni, A. hemigymaus, S. diaphana.

5. WN Pacific Central A, aculeatus, A. hemigymmnus, S. diaphana, S. pseudobscura.

6. SE Pacific Transitional A, affinis, A. sladeni, A. hemigynmus, A. lychnus, A. gigas,
S. diaphana (A. olfersi, S. obscura).

7. Pacific Subantarctic A.olfersi, A. hemigymuus, A. gigas, S. diaphana.

8. S Pacific Central A. aculeatus, A. hemigymuus (S. pseudobscura).

9. Indian Equatorial AL affinis, A. sladeni, A. hemigymnus, S. obscura.

0. Java-Indonesian AL affinis, A. sladeni, A. hewigymnus, S. diaphana,

S. obscura.

1. Indian Central

AL aculeatus, A. hemigyinnus, A. gigas, S. diaphana,

S. pseudobscura.

Tropical Atlantic
3. SE Atlantic Transitional

Venezuelan-Caribhean

A, sladeni, S. diaphana, S. pseudobscura (A. hemigymuus).
AL affinis, A. sladeui, A. gigas, A. diaphana, S. pseudobscura.

A, affinis, A. sladeni, A. hemigymnus, S. diaphana,

S. pseudobscura, A. aculeatus.

5. Caribbean-Guolf Central

AL aculeatus, A. hewmigymuus, S. diaphana, S. pseudobscura,

A. sladeni.

6. Gulf Peripheral

NW Atlantic Pocket
8. WN Atlantic Central
9. EN Atlantic Central

A. affinis, A, sladeni, A. hemigymnus, A. gigas, S. diaphana.
A affinis, A, sladeni, S. diaphana, S. pseudobscura.
AL aculeatus, A. hemigymuus, S. diaphana (A. gigas).

A, aculeatus, A. hemignnus, S. diaphana, S. pseudobscura

(A. gigas).

0. NE Atlantic Subarctic

A olfersi, A. hemigymnus, A. gigas, S. diaphana,

S. pseudobscura.

(. SW o Atlantic Central

AL aculeatus, A. hemigymuus, S. diaphana, S. pseudobscura

(A, sladeui).

2. W \lediterrancan
3. N New Zealand Pocket
4. SE Atlantic Subantarctic

AL hemigymunus.
A. sladeni.

A. olfersi, A, hemigymnus, S. diaphana.

wydrographic propertics; they are relatively
wimcerous and casily caught; expatriation is
imited; adults and juveniles share the same
‘nvironment; they are only partial migrators
it best and are thus less affected by scasonal
luctuations; and they occur over much of
he depth range of the “mesopelagic” envi-
onment.

As we have seen above, the water masses

as presently defined are too broad to ex-
plain species distributions as we find them.
However, the concept of water masses as
bodics of water with similar hydrographic
and biological properties is important, and
scems to be the most significant one in
explaining much of the heterogeneity in
the midwater environment. The pelagic
hatchetfishes are used in Figure SO as
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indicator species of waters of similar
properties and their associated discontinui-
ties. The results may add to greater
appreciation of water masses—both con-
ceptually and  geographically.  Table 25

and Figure 8¢ list the zoogeographic
regions and are also an attempt to indi-
cate similarities  between regions. The

characteristic species assemblages which
occur in these regions are listed under the
appropriate  arca. No boundaries were
drawn because in most cases they could
not be defined. Important isotherms are in-
cluded and may serve as rough boundarices.
Presently defined water mass boundaries
(sce Sverdrup et al, 1960) in many cases
mark the limits of these areas.

Several attempts at defining oceanic
zoogcographic regions have been made
(Ebeling, 1962; Clarke, 1966) and Figure
80 represents an additional one. No at-
temapt has been made to categorize these
regions as primary or sccondary, but cer-
tainly some regions involve the whole of
the mesopelagic environment, while others
scem important only at shallower depths.
Considerable variation exists in the sharp-
ness of the boundaries and. to some extent,
in the degree of species overlap. As knowl-
edge of the oceans and their fauna in-
creases, the nature and extent of these
regions and their boundaries will become
more apparent,

Arcas which are zoogeographic regions
and  have  boundaries  which  appear
throughout the “mesopelagic” environment
are the tropical cast Pacific, the Indian
cquatorial region, the northeast Atlantic,
and the subantarctic, especially the Pacific
portion. There is a wide subtropical belt
that is continuous at deeper depths, but
is broken into smaller regions above ap-
proximatcely 600 m. The tropical east
Pacific has been recognized as a major
zoogcographic region, and it seems  to
have an endemic fauna at all levels (Brin-
ton, 1962; Ebeling, 1962; Johnson and
Brinton, 1963). The Indian equatorial
region, while not as well known, appears

Bulletin Muscum of Comparative Zoology, Vol. 142, No. 1

to be somewhat similar to the equatorial
Pacific, at least in some species of hatchet-
fishes and other fishes as well (Ebeling,
1962; Gibbs and Hurwitz, 1967). The
northeast Atlantic is quite different from
the western  Atlantic in a number of
groups (Haffner, 1952; Clarke, 1966:;
Nafpaktitis, 1968). Additional evidence
from this and other studies (Alvarino, 1963;
Gibbs, 196S) indicates that the conver-
gence arca, especially in the South Pacific,
is a major zoogeographical region which
may be quite restricted in the South At-
lantic and Indian Ocean. The 5° isotherm
is much closer to the central water masses
at 200 m (Fig. 80), and the distance be-
tween the convergences is generally less
broad (Sverdrup, 1960).

Regions which are distinctive for the
upper 500 m are the warm central water
masses of the major gyre systems, and the
“astern boundary currents which are cold
water areas of transition and upwelling,
There are other smaller arcas that are im-
portant zoogcographically and are faunally
similar to the major regions. These include
pockets of cold water around the Gulf of
Mexico, off South Africa, off the southeast
United States (see Haffner on Chauliodus,
1952), in the southern Caribbean and
tropical Atlantic, off Java, off New Zealand,
and southecast of Hawaii.

The Sternoptychidae are represented by
a single species in the western Mediter-
rancan, an arca which seems distinet from
the warmer eastern end. This population
is distinet from the North Atlantic one,
and this distinction has been documented
for other midwater fishes (Marshall, 1963).
Iatchetfishes have not been taken in the
Red Sea proper (Marshall, 1963) or the
Gulf of California (Lavenberg and Fitch.
1966).

Ecological niches and diversity. Speci-
ation pattern, distribution, and population
structure are three indicators of diversity,
niche breadth, and heterogencity in the
mesopelagic environment. While the world-
wide midwater environment is heterogene-



113

Baird

MARINE HATCHETFISHES

usyo.iq fw 002 o mE._wr_«Om_ Jiow  saul| U__Om

.EOZCCC_QXQ ‘_O* GZ ®|qo L pup {x3j 99§ .mEumr_«Ow_ w OOV v_pOE saul|

‘soysippaydioy d1Bojad jo suoynquysip WOJ} PAULLIBIBP SUDIIO By} 4O syjdap

-piw 8y jo suoibay diydoiBoabooz

‘08 24nBiy

vtor]

HETE - o




114

ous, it nevertheless appears to be relatively
constant, at least in measnrable physical
parameters, over broad arcas. This is re-
flected in the patterns observed in the
three indicators mentioned above.
Mecasurable  niche paramcters  appear
quite broad in hatchetfishes in comparison
with freshwater or shore faunas. Overlap
between  congeneric  species  is not  ex-
tensive, and where it does occur there are
usually major morphological or vertical
distributional ditferences. Allopatric ranges
arc  the rule. Congeneric  coexistence
usually requires cither a major shift in

depth  distribution  or marked morpho-
logical change. Thus  Polyipuns—often

geographically isolated and land associated
—is the most speciose genus, while Ster-
noptyx—the deepest living—is the least.
There are indications that this broad niche
phenomenon occurs in other groups as well

(Marshall, 1963).
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SUMMARY

1l

g
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The  Sternoptychidac  are  primitive
stomiatoid fishes closely related to the
Gonostomatidac, but different from
them morphologically; most of this
difference is related to the peculiar
deep body shape of the former.

The Sternoptychidae probably arose
during the carly Tertiary as part of an
carly - stomiatoid  radiation.  Miocene
fossils of Argyropelecus could not be
distinguished from their modern coun-
terparts, indicating little osteological
evolution in this genus since then.
The three genera in the family are
widely divergent; each has specialized
in a separate direction,

Polyipnus occurs only in close associ-
ation with land. Tts pattern of distri-
bution and speciation closely parallels
that of many tropical shore species.
Argyropelecus is distributed widely in
all tropical and temperate scas. Tt is
a partial migrator not often entering
the upper 100 m at night. Adults and
juveniles are found in about the same
depth range. Argyropelecus inhabits

6.
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the upper “mesopelagic” zone (100-
600 m).

Sternoptyx is distributed horizontally
within the same limits as Argyropele-
cus, It inhabits the lower “mesopelagic”
zone (500-1500 m) and does not
appear to migrate diurnally.

. Argyropelecus and Sternoptyx species

are restricted in distribution, cach spe-
cies seemingly restricted to waters with
similar  hydrographic and hiological
properties.

Argyropelecus is more speciose  and
shows more morphological variation
than  Sternoptyx. Species ranges in
Sternoptyx are much broader, indicat-
ing that barriers to distribution and
heterogeneity may be more pronounced
in the upper “mesopelagic” than in the
lower.

. Certain species assemblages occur in

waters  which are  hydrographically
similar.  These assemblages are used
to  zoogeographically define  distinet
areas of the world’s occans.
Ecological niches in the Sternoptychi-
dae arc broad over mecasurable niche
parameters. Allopatric species ranges
arc the rule and, where congeneric
svmpatric species occur, there is usually
a considerable amount of morpho-
logical or vertical distinctness.

APPENDIX A

INsTITUTIONS AND CRUISES FROM \VHICH MATERIAL WaAas ExarzuNen or RECORDED

Institutions and their abbreviations.

Collections of T. Abe and O. Snzuki, Tokyo, Japan.

Australian Muscum, Sidney, Anstralia.

Bureau of Commercial Fisheries, Honolulu, Hawaii.
Burean of Commercial Fisheries, La Jolla, California.

Burean of Commercial Fisheries, Miami, Florida,

British Musenm ( Natural History ), London, England.

Dominion NMuscum, Wellington, New Zealand.
International Indian Ocean Expedition.

Biologische Anstalt Helgoland ( Metcor Indian Ocean Expedition), Hamburg, Germany.

Los Angeles County Musenm, Los Angeles, California.

Musenm of Comparative Zoology, [Larvard University, Canibridge, Massachusetts.

ABE
AM
BCFH
BCIFL
BCFN
BMNINTI
DNINZ
1TOLE
10ES
LACNI
NMCZ
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Arrexnix A (Continued)

Musée National d’Histoire Naturelle, Paris, France.

Musée Royale d’Afrique Central, Tervaren.

National Institute of Oceanography, Surrey, England.

Occanographic Data Center, Washington, D.C.

Seripps Institute of Oceanography, La Jolla, California.

Institute of Marine Science, University of Miami, Florida.
John Hancock Foundation, University of Southern California, Los Angeles, Calitornia. usC
U.S. National Museum, Washington, D.C.

Woods Hole Oceanographic Institute, Woods Hole, Massachusetts.,

Zoological Musewm, Copenhagen, Denmark.

MNHNP
MRAC
NI1O
OoDC
SIO
UNIML

USNNI
WHOI
Z\NMUC

Institutions and Cruises from \Which Material Was Examined and Recorded.

Institution
ABE
AN
BCIFH

BCFL
BCFM

BNNH
DMNZ
HOE
10ES
LACM
NCZ

MNHNP
MRAC
N1O
obC
S10

UNIML

UusC
USNM

WHOI

ZANUC

Ship and Cruise
local fishing vessels
holotypes only
HUGII M. SMITH 30
HUGH N SNITTH 31
larval and juveniles only
GERONIMO
SILVER BAY
OREGON
DISCOVERY and others
TUI
ANTON BRUUN 3 and 6
METEOR (holotype description)
VELERO
ATLANTIS, CAPTAIN BILL III
GOSNOLD, BRUUN 13,
CITAIN 1749, miscellaneous collections
holotypes only
holotype
DISCOVERY (1955-1965)
USNS GILLISS
COBB 208, 303
BLACK DOUGLASS 203, 303
[TORIZON
HOLIDAY, TETHYS
MONSOON, BAIRD
GERDA
PHL.ILLSBURY
USNS ELTANNIN
ALBATROSS, OREGCON
SILVER BAY, CONMBAT
CHAIN 60, 72, ATLANTIS II 13
ATLANTIS II 31
GALATHEA
THOR and miscellancons
collections

Location
Japan
Australia
C Pacific
C Pacific |
EN Pacific |
Tropical Atlantic
Florida, Gulf of Mexico
Culf of Mexico
Worldwide
New Zealand
Indian Ocean
Indian Ocean
NE Pacific
N Atlantic
Chile, Tropical Atlantic
Mediterrancan
Atlantic
W African Coast
NI Atlantic, Indian Ocean
N Atlantic, Caribbean
NE Pacific
NE Pacific
N Pacific
C & S Pacific
C & S Pacitic
Florvida, Gulf of Mexico
Caribbean, Gulf of Guinea
Subantarctic, Pacific
Atlantic, Pacific

Caribbean, Gulf of Mexice
N & SW Atlantic

World Cruise

N Atlantic,

Mediterranean
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APPENDIX B

JEPTII TABLES OF THE SPECIES OF ARGYROPELECUS AND STERNOPTYX. DEPTH DATA FOR THESE TABLES

EPRESENT MAXIMUM NET DEPTHS ONLY. “CATCH REFERS TO THE NUMBER OF HAULS IN WHICH TIHE

'UMBER OF FISH TAKEN IS SHOWN HORIZONTALLY BETWEEN THE FIGURE LISTED AND THE PREVIOUS FIGURE.

DEPTH REFERS TO THE MAXIMUM NET DEPTHS AND IS RECORDED VERTICALLY BETWEEN THE DEPTH LISTED

ND THE ONE LISTED ABOVE IT. “ZERO CATCH REFERS TO THE NUMBER OF NEGATIVE TOWS FOR THAT
SPECIES. 47 MEANS GREATER THAN OR EQUAL TO THE VALUE LISTED.

Argyropelecus affinis

Night

Catch Catch
)epth 0 5 10 20 50 100 100+ N Depth 0 5 10 20 50 100 100+ N
100 36 1 0 0 0 o0 o0 1 100 20 1 0 0 0 0 0 1
200 5 1 0 1 1 0 0 3 200 0o 0 o0 0 0 0 0 o0
300 13 7 1 1 o o 0 9 300 9 1 0 0 0 0 0 1
400 o o0 o0 o0 0 0 0 o0 400 1 1 0 0 1 0O 0 2
500 4 2 0 0 0 0 1 3 300 2 2 0 1 0o o0 0 3
600 o 0 o o0 o0 o0 o0 o0 600 o o0 O 0 o0 0 0 o
700 o o o0 o0 o0 0 0 o0 700 1 2 0 0o 0 0 0 2
000 o o0 o0 o 0 o0 0 o0 1000 3 0 O 0 O O 0 o0
000 0 3 0 1 0 0 0 4 2000 o 2 0 0 o0 0 0 2
001+ o o o0 o0 0O 0 0 o0 20014 o o0 o0 o 0 o0 0 0
Jalifornia, Chile (Pacific) Gulf of Mexico, Gulf of Guinea, Caribbean

Day

Catch Catch
)epth 0 5 10 20 50 100 100+ N Depth 0 D 10 20 50 100 100+ N
100 1 0 o0 O O o0 0 o0 100 9 0 0 0 0 0 0 0
200 o o0 o0 o0 o0 0 0 o0 200 00 0 0 ¢ 0 0 0 0
300 5 0 0 0 0 0 0 0 300 14 3 0 o o0 0 o0 3
400 19 1 1 o 0 o o0 2 400 7 0 0 0 1 0 1
500 D, 1 1 0 0 o0 4 500 5 0 0 1 2 & 3
600 1 2 0 1 0 0 0 S 600 4 0 0 o o0 0 0 0
700 2 1 0 0 0 0 0 1 700 0 S 0 0 0 0 0 3
000 3 1 0o 0 0o 0 0 1 1000 10 0 0 o 0 0 0 0
000 6 4 0 0 0 0 o 4 2000 9 3 0 0 0 0 0 3
001+ 1 0 0 0 0 0 0 0 20014 T 0 o o0 0 0 o0 0
sulf of Mexico, Gulf of Guinea, Caribbean California, Chile (Pacific)

Argyropelecus gigas

Night Day

Catch Catch
Jepth 0 & 10 20 50 100 100+ N Depth 0 5 10 20 50 100 100+ N
100 30 0 0 0 0 0 0 0 100 S 0 0 0 o o0 o 0
200 26 0 O O O O 0 o0 200 T 0 0 0 0 0 0 o0
300 19 0 0 0 0 0 0 0 300 10 0 o o0 o0 0 0 0
400 9 0 0 0 0 0 0 0 400 34 0 1 0 0 0 0 1
300 21 1 0O 0 0 0 0 1 500 25 0 1 0o 0 0 0 1
600 7 0 1 0 0 1 2 600 2 2 0 0 0 0 0 2
700 4 1 0 0 0 0 0 1 700 S5 1 0 0 0o 0 0 1
000 14 0 0 0 0 0 0 0 1000 20 2 0 0 0 o 0 )
000 4 1 0 0 0 0o 0 1 2000 5 0 0 0 0o 0 0 0
0014 0 0 0 0 0 0 0 0 2001+ 0 0 0 0 0o 0 0 0

itlantic Atlantic
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Arreavix B ( Continued)

Argyropelecus hiemigymnus (Form A)
Night
Catch Caich
Depth ()] 5 ) 20 50 100 100+ N Depth (0] 5 10 20 0 100 100+ N
100 20 1 0 0 0 0 0 1 100 23 7 1 1 0 0 0 9
200 9 1 0 0 0 0 0 1 200 29 0 0 9 0 0 0 2
300 11 0 0 0 0 0 0 0 300 20 0 0 0 0 2 0 9
100 2 0 0 V] 0 0 0 0 400 b 1 1 0 2 0 0 4
500 4 0 0 0 1 0 0 1 500 23 0 1 1 0 0 0 2
600 0 0 0 0 0 0 0 0 600 14 0 0 0 0 0 0 0
700 3 0 0 0 0 0 0 0 700 5 3 1 0 0 0 0 ¢«
1000 3 0 0 0 0 0 0 0 1000 22 1 0 0 0 0 0 1
2000 2 0 0 0 0 0o 0 0 2000 5 0 0 0 0 0 0 0
20014 0 0 0 0 0 0 0 0 20014 0 0 0 0 0 0 0 0
Caribbean and Gulf of Mexico North Atlantic (see Day)
Catch Catch
Depth 0 5 10 20 50 100 1004+ N Depth 0 3 10 20 50 100 1004 N
100 5 O 0 0 0 0 0 0 100 35 2 0 0 0 (4} 0 2
200 3 0 0 0 0 0 0 0 200 7 0 0 0 0 0 0 0
300 -4 1 0 0 0 0 0 1 300 7 7 2 0 1 0 0 10
400 16 2 1 1 1 0 0 5 400 0 0 0 0 0 0 0
500 3 0 0 1 0 0 0 1 500 7 0 (4} 0 0 0 0 0
GO0 2 0 () 0 0 0 0 0 600 0 0 0 0 0 0 0 0
700 5 2 0 0 0 0 0 2 700 0 0 0 0 0 0 0
1000 b] 3 1 0 0 0 0 3 1000 0 0 0 0 0 0 0 0
2000 11 2 2 0 0 0 0 4 2000 3 1 0 0 0 0 0
20014 6 1 1 ] 0 0 0 2 20014+ 0 0 0 0 0 0 0 0
Southern Ocean (Pacific) Pacific (California)
Argyropeleens hemigynionns (Forme A)
Day
Catch Catch
Depth 0 S 10 20 50 100 1004+ N Depth 0 D 10 20 50 100 1004+ N
100 2 0 1 0 0 0 0 1 100 1 0 0 0 0 0 0 0
200 s 0 0 0 0 1 0 1 200 o o o0 o0 O 0 0 0
300 10 0 0 1 1 0 0 2 300 2 1 0 2 0 0 0 3
400 12 3 1 2 2 0 2 10 400 11 3 ) 3 0 0 0 9
500 5 7 3 4 3 3 1 21 500 4 3 1 1 1 0 0 6
600 10 2 1 3) 2 1 0 9 600 2 1 0 0 1 0 0 1
700 4 0 0 0 2 1 0 3 700 3 1 0 0 0 0 0 1
1000 25 ) 0 1 0 0 0 3 1000 6 1 0 0 0 0 0 0
2000 [§} 0 1 V] 0 0 0 1 2000 10 0 0 0 0 0 0 0
2001+ 0 0 0 0 0 0 0 0 2001+ 1 0 0 0 0 0 0 0
North Atlantic (20°—10°N, 5°=70°\V) Gulf of Mexico, Caribbean
Catch Catch
Depth 0 5 10 20 50 100 1004 N Depth 0 5 10 20 50 100100+ N
100 0 1 0 0 0 0 0 1 100 b 0 0 0 0 0 0 0
200 1 1 0] 0 0 0 0 1 200 b 0 0 0 0 0 0 0
300 3 1 0 0 0 0 0 1 300 11 1 0 1 0 0 0 2
400 0 3 0 0 0 0 4] 3 400 4 0 1 0 0 0 0 1
500 0 2 0 0 0 0 0 2 3500 & ¥ 1 0 0 0 0 3
600 1 1 0 0 0 1 0 2 600 { 0 0 0 0 0 0 0,
700 ( 1 0 0 0 o 0 1 700 1 2 0 0 0 0 0 2
1000 2 4 2 1 1 0 0 S 1000 0 0 0 4] 0 0 0 0
2000 4 [§] 1 0 1 0 0 8 2000 3 7 0 0 0 0 0 7
2001+ 3 3 0 0 0 0 0 ) 2001+ 0 1 0 0 0 0 0 1 ;

Southern Ocean ( Pacific) Pacific (California) [l
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Arrexmx B (Continued)

Argyropelecus hemigymuus (Form B)
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Argyropelecus hemigymnus (Form B)
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Arpexnix B (Continued)
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Arrennix B (Continued)
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